The estimation of Japanese and Native American ancestry using dental metric measurements and morphological trait frequencies by Green, Madelyn K.
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2019
The estimation of Japanese and
Native American ancestry using
dental metric measurements and
morphological trait frequencies
https://hdl.handle.net/2144/36527
Boston University
   
BOSTON UNIVERSITY 
 
SCHOOL OF MEDICINE 
 
 
 
 
 
Thesis 
 
 
 
 
 
THE ESTIMATION OF JAPANESE AND NATIVE AMERICAN 
ANCESTRY USING DENTAL METRIC MEASUREMENTS AND 
MORPHOLOGICAL TRAIT FREQUENCIES  
 
 
 
 
by 
 
 
 
 
MADELYN K. GREEN 
 
B.S., The Ohio State University, 2016 
 
 
 
 
 
Submitted in partial fulfillment of the 
 
requirements for the degree of 
 
Master of Science 
 
2019 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2019 by 
 MADELYN K. GREEN 
 All rights reserved 
   
Approved by 
 
 
 
 
First Reader   
 Sean D. Tallman, Ph.D. 
 Assistant Professor, Department of Anatomy and Neurobiology 
 Program in Forensic Anthropology 
 
 
Second Reader     
 Marin Pilloud, Ph.D. 
 Assistant Professor of Anthropology 
 University of Nevada - Reno 
 
 
Third Reader   
 Richard Scott, Ph.D. 
 Foundation Professor of Anthropology 
 University of Nevada - Reno 
 
 
  iv 
ACKNOWLEDGEMENTS 
 I would first like to thank my advisor, Dr. Sean Tallman, for his guidance of this 
research, advise for my academic career, and patience in 30-minute meetings that 
somehow last two hours. His provocation as an educator and adviser were invaluable in 
my academic and personal growth. I would also like to thank my readers, Drs. Marin 
Pilloud and G. Richard Scott. The dental expertise, study critiques, edits, and kindness 
they have given over the course of this last year were imperative to the completion of this 
thesis. A special thank you for the statistical guidance of Dr. Allen Gregg Harbaugh, who 
helped me make sense of the mountain of data and results from this study. The faculty 
and resources provided by BU oversaw the successful completion of this research. 
This study would not have been possible without the accommodation and 
overwhelming support of the faculty and researchers at The Ohio State University and 
Jikei University in Tokyo. Dr. Debbie Guatelli-Steinberg graciously provided access to 
the Bioarchaeology Research Lab at The Ohio State University throughout the data 
collection period. At Jikei University’s School of Medicine, thanks are owed to Drs. 
Yoshinori Kawai and Yoshikatsu Negishi, who welcomed me to Japan with academic 
support, professional international connections, and copious amounts of ramen.  
This project involved traveling to Japan and would not have been possible without 
substantial financial support from the National Science Foundation (NSF). Through the 
NSF and the Japanese Society for the Promotion of Science (JSPS), the East Asia and 
Pacific Summer Institutes (EAPSI) grant provided travel, living, and study expenses to 
  v 
conduct research in Japan from June to August in 2017 (1713808: “EAPSI: Discernment 
of Japanese and Native American Ancestry Using Nonmetric and Metric Dental Traits”).  
 Finally, I would like to thank my friends and family for their reassurances and 
kindness. To Jamie and Jasmine; thank you for your actions and encouragement. To 
Meagan and Matthew; thank you for the emotional support and pep-talks. To David and 
Christie; thank you for listening to my complaints after those monkey bones, your endless 
words of support, and for the values of determination and perseverance that you instilled 
in me. Lastly, to Alex; thank you for your patience and compassion.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  vi 
THE ESTIMATION OF JAPANESE AND NATIVE AMERICAN 
ANCESTRY USING DENTAL METRIC MEASUREMENTS AND 
MORPHOLOGICAL TRAIT FREQUENCIES  
MADELYN K. GREEN 
ABSTRACT 
Ancestry assessments in bioarchaeology and forensic anthropology are best 
analyzed with population-specific methods. Through population-specific ancestry 
methods, the generalized Native American/Asian ancestry category can be better refined 
to reflect the diversity of Native American and Asiatic people. Individuals from modern 
(~1900 to present) Seminole Native American and Japanese populations, housed at The 
Ohio State University and Jikei University in Tokyo, respectively, reflect a relatively 
unbiased population sample, as demographics range from juveniles to adults, with both 
sexes being equally represented. This broad sampling of individuals from the Florida 
Seminole group and the greater Tokyo region enables researchers to explore the degree of 
variation between the Seminole and Japanese groups, as can be demonstrated 
osteologically. Dentitions are an ideal candidate to measure intra-population variability 
due to heritabilities of both their tooth size and dental morphological characteristics 
within populations. In an attempt to better understand the variation between Native 
American and Asian populations, observations of Seminole and Japanese-specific dental 
morphology and tooth dimensions were recorded from 281 individuals using the Arizona 
State University Dental Anthropology System (ASUDAS) and mesiodistal and 
buccolingual measurements, respectively.  
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Significant differences, indicated by a p-value ≤ 0.05, were identified between the 
Seminole and Japanese groups in the analysis of morphological dental traits and 
odontometrics. Nineteen statistically significant morphological traits that differed in 
expression between the two sampled groups were identified, with eight traits being more 
present in the Seminole group than the Japanese group, whereas eleven traits being more 
present in the Japanese group than the Seminole group. Linear regression (LRA) and 
discriminant function analyses equations were developed from three sets of odontometric 
datasets; the raw, unaltered collected data, the general measurement mean dataset which 
supplements missing variables, and the ancestry-specific measurement mean data set 
which supplements missing variables. Both the linear regression and discriminant 
function models demonstrated success in classifying the Seminole and Japanese groups. 
The LRA equations presented classification rates higher than chance (81.5-90.4%). 
Twenty-three DFA equations were developed, ranging in successful classification rates of 
61.5% to 100.0%. The ancestry-specific measurement mean dataset performed the best in 
both the LRA and DFA models.  
The results of this study indicate that morphological trait observations and 
odontometric analyses can be useful tools in the differentiation of Native American and 
Asian populations, as differences between subgroups of these populations (Seminole and 
Japanese) were identified. These differences are likely due to the homogenous and insular 
composition of both sampled populations. Further analysis of the statistically significant 
morphological traits identified in the current study and continued testing of more 
subpopulations of Native American and Asian populations will not only aid in ancestry 
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estimations in forensic and bioarchaeology research, but also in the cessation of grouping 
Native American and Asian individuals under one category. 
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CHAPTER 1:  INTRODUCTION 
 
 
Human dentitions have been observed by academics and researchers in attempts 
to better understand variability within and between human groups and to track the 
movements of populations across the world (Scott et al., 2016; Stojanowski et al., 2013; 
Turner, 1983; 1990). Dental traits, also referred to as dental morphologies, and dental 
measurements, also referred to as odontometrics, have been of particular interest when 
observing fossil hominins, archaeological populations, and modern human groups. 
Evolutionary processes, such as genetic drift, gene flow, mutation, or more rarely, natural 
selection, can have major influences on the expression and frequency of dental nonmetric 
traits and dimensions in different populations. For instance, isolation during migration, 
small population sizes, and genetic bottlenecks can influence tooth size and shape. These 
differences in crown sizes and trait frequencies aid researchers in determining how 
phenotypic and genotypic variation arose within specific populations and between 
different populations (Adams, 2015; Edgar, 2013; Pilloud et al., 2014; Scott et al., 2016).  
Pattern recognition of dental morphologies in association with broad geographic 
groups form the basis for determining of ancestry classifications. For example, Dahlberg 
(1951) is largely credited for documenting the frequency of shoveling in Native 
American groups. His observations have since been used to assign ancestry classification 
to dental remains. Traditionally, dental morphology observations and their calculated 
population frequencies have been applied to track archaeological population movements. 
The previous archaeological focus of dental morphological research established the 
methodology of scoring dental morphology expressions (Turner 1985; Turner et al., 
 2 
1991). Since the implementation of scoring methods, physical, dental, and forensic 
anthropologists have recently begun using dental morphologies to assign ancestry 
estimations in a forensic context (Edgar, 2013).  
 Forensic investigations that involve decomposed or skeletonized remains may 
prove difficult due to the lack of soft-tissue individualized characteristics. 
Anthropologists are able to aid law enforcement with identification of these individuals 
through the establishment of the biological profile (sex, ancestry, age-at-death, and 
stature). Ancestry estimations in particular are subject to critical scrutiny and can be due 
to the complex nature of the interpretation of human variation across geographic and 
temporal scopes coupled with the traditionally subjective methodological approaches. 
These factors alone call for the refinement of current morphological trait observation 
standards and the establishment of objective, mathematical metric methods. 
Anthropologists should therefore utilize population frequencies of dental morphological 
traits and discriminant function analysis equations based on tooth size when making an 
ancestry estimation.     
Though other forensic ancestry estimation methods exist - such as cranial and 
postcranial measurement and morphological trait analyses - the use of dental morphology 
and odontometrics as evidence of ancestry affiliation has benefits that have yet to be 
thoroughly explored. For instance, cranial and postcranial remains are subject to faster 
degradation and break-down than teeth. As enamel is the hardest and most durable 
substance in the human body, teeth generally preserve better than bone (Hillson, 1996). 
This enhances the availability for analysis by anthropologists. Additionally, dental 
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characteristic traits and size dimensions have been determined to be under heavy genetic 
influence, meaning that environmental factors may not have as active a role in expression 
of dental traits as with skeletal traits (Alvesalo & Tigerstedt, 1974; Blanco & 
Chakraborty, 1976; Dempsey & Townsend, 200; Perzigian 1981; Portin & Alvesalo, 
1974; Scott & Turner, 1988; Townsend & Brown, 1978a, b). This genetic correlation 
allows for traits and tooth size to be affiliated more concretely with specific population, 
which can lead to firmer ancestral determinations in a forensic setting.  
However, dental characteristics and odontometrics with modern population 
frequencies have not received the attention from researchers that would significantly 
increase ancestral estimation accuracies. Focus within dental morphology methodology 
has centered, historically and currently, on archaeological populations and biodistance 
studies (Scott et al., 2016; Stojanowski et al, 2013; Turner, 1983, 1990). Adapting trait-
scoring methods to fit modern populations trait frequencies and establishing ancestry-
specific metric analyses are essential for the continued development of dental 
applications within a forensic scheme.  
 
Grouped Native American and Asian Ancestry Estimations  
Though modern Asians and Native Americans are two geographically distinct 
populations, these groups are in themselves comprised of multiple populations, each with 
unique population histories. The modern anthropological comparison between Native 
American and Asian groups is based on the hypothesized ancient migratory movements 
of ancestral populations that crossed the Bering Strait Land Bridge approximately ~20-15 
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thousand years BP (Goebel, 1999; Powell & Neves, 1995; Scott et al. 2016; Stojanowski 
et al. 2013; Stojanowski & Johnson, 2015). This migration event of humans into the New 
World introduced Asiatic populations into North America. The peopling of the New 
World, or the dispersion of the initial migratory population, occurred via evolutionary 
(i.e., genetic drift) and environmental (i.e., adaptation to climate) forces, giving rise to 
populations throughout the geographic region of North America and South America 
(Anderson, 2004; Fagundes et al., 2002; Fladmark, 1979, 1983; Gruhn, 1987; Hoeffecker 
et al., 1993; Roosevelt et al., 2002; Schurr, 2004; Scott et al., 2016; Stojanowski et al., 
2013; Turner, 1983). The distant relation of Native Americans and ancestral Asian 
populations, in particular North, Northeast, and East Asian populations, has been 
demonstrated through craniometric analyses (Brace et al., 2001; Janz & Owsley, 2001; 
Neves & Hubbe, 2005; Neves & Pucciarelli, 1991; Neves et al., 1996; Neves et al., 1999; 
Neves et al. 2004; Powell & Neves, 1999; Ross et al., 2002), exploration of genetic 
relatedness (Bert et al. 2001; Gorodezky et al., 2001; Kaspirin et al., 1987; Keyeux et al., 
2002; Merriwether et al., 1994; Schurr, 2004) and dental nonmetric trait studies (Scott et 
al., 2016; Turner, 1983, 1985, 1990; Turner & Bird, 1981; Turner & Lien, 1984). In 
particular, nonmetric dental trait studies have placed Native American populations and 
Asian populations into Sundadont (Southeast Asians) and Sinodont (Northeast Asians 
and Native Americans) dental complexes (Scott et al., 2016).  
The present research focuses on ancestry estimation of Native American and 
Japanese populations based on distinct population histories (i.e., the separate evolutionary 
trajectories of the sampled groups), not biological distances (i.e., relatedness). While the 
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present research does not attempt to make broad evolutionary conclusions, it contributes 
to the assessment of population ancestry based on dental traits (morphological and 
metric), and questions the current practices and assumptions being utilized within the 
field. The most common assumption being that all Old World Asian groups and New 
World Asian-derived populations can be combined into one overarching ancestral group. 
Additionally, in the U.S., the grouping of the two different populations allows for 
researchers and practitioners to use Native American traits as proxies for Asian traits and 
vice versa. This is based on the ancient connection of the two populations through the 
Bering Strait migration event and does not account for the thousands-of-years-long time 
span of the initial migration movement (Scott et al. 2016; Stojanowski et al., 2013), nor 
the post-migration population histories (Tallman, 2016).  
Direct comparison between Native Americans and Japanese populations may 
occur rarely in forensic contexts, such as when prehistoric Native American remains are 
recovered or when trophy skulls are uncovered. This by no means reduces the 
anthropological significance of the problem of grouping these two distinct ancestral 
groups together nor the importance of exploring the range of human variation. The 
present research brings attention to the grouping of these two populations, which has 
been justified even with the lack of rigorous testing to corroborate claims (Hefner, 2009). 
The exploration of biological variation of tooth shape and size has the potential to add to 
the discussion of migration movements of similar populations in Asia, the peopling of the 
New World, and ancestry estimations within unknown forensic contexts. 
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Chapter Organization 
Chapter 2 of this study briefly reviews the heritability of teeth and provides 
background research on the use of dental anthropology in ancestry estimations, 
particularly in the differentiation of Native American and Asian groups. A breakdown of 
the research history of the morphological traits observed in this study is provided. 
Finally, a brief discussion of the population histories of Japan and the Seminole Native 
American groups, emphasizing the markedly different migration events and 
environmental factors that contribute to the genetic make-up of modern Seminole and 
Japanese individuals is presented. Chapter 3 describes the specific sample groups used in 
the study in addition to the methodology of analysis for the metric and nonmetric 
variables, including the nonmetric ordinal scoring procedure and the statistical 
procedures used in the analysis of the odontometric variables. Chapter 4 presents the 
expression frequency results of the morphological trait observations, as well as the 
statistical analyses results for the odontometric measurements. Chapter 5 discusses the 
results of the statistical analyses, particularly addressing whether the results support use 
of odontometric analyses in ancestry estimations. Additionally, this chapter discusses the 
degree to which the results from this study agree with previous research done with dental 
anthropological ancestry estimations. Chapter 6, the final chapter, discusses the broader 
implications of this study, particularly the use of odontometrics in ancestry assessments. 
Future directions of research are suggested, including the more detailed analysis of the 
morphological traits examined in this study and the continued observation of ancestry 
differences within and between Native American and Asian populations. 
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CHAPTER 2:  PREVIOUS RESEARCH 
     
 
Biological Distance  
 
The analyses of genetic relationships between populations through the 
comparison of similarity frequencies form the basis for biological distance studies. These 
analyses are beneficial when investigating evolutionary influences and mechanisms, 
population histories, and population affinities (Stojanowski & Schillaci, 2006). Several 
anthropological biodistance analyses have been conducted to examine the relationship of 
Asiatic populations to Native Americans populations, commonly referred to in the 
literature as the peopling of the New World, through genetic and similar frequency 
analyses (Scott et al. 2016; Stojanowski & Johnson, 2015; Stojanowski et al., 2013). 
Biodistance analyses rely on the assumption that the variables being studied 
accurately reflect the genetic relationship between the populations under investigation 
(Stojanowski & Schillaci, 2006). In the case of Asian and Native American ancestry 
estimations, the assumption of a continued genetic link based on the ancient migration 
movement theory is the basis for the grouping of the two populations. While this can be 
beneficial in the analysis of broad geographic migration movements and ancestry 
assessments, a more detailed view of population relationships is necessary when 
analyzing smaller-scale population movements and forensic identifications. The 
frequencies of dental traits and differences in tooth dimensions in modern populations 
provide an opportunity for more accurate ancestry estimations rather than the continued 
practice of lumping the two groups together based on their presupposed genetic 
connection. 
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Dental Inheritance 
Dental size and morphological traits are phenotypically expressed majorly 
through genetic components, with environmental factors also contributing to tooth size 
and shape. Depending on tooth type and tooth dimension, genetic inheritance of dentition 
ranges from 56% to 92% (Alvesalo & Tigerstedt, 1974; Blanco & Chakraborty, 1976; 
Dempsey & Townsend, 2001; Garn, et al., 1968; Kieser, 1990; Perzigian 1981; Portin & 
Alvesalo, 1974; Scott & Turner, 1997; Townsend & Brown, 1978a, b). The development 
of dental size and morphology is not as influenced by environmental factors as other 
skeletal and soft tissues of the body (Hillson, 1996). While the mechanism of genetic 
inheritance of dental traits and dimensions remains unclear (Scott & Turner, 1997), the 
genetic stability of teeth provide for a steadfast source for population assessments with a 
low degree of plasticity.  
Heritability is key in discussing the stability of similarity frequencies and the 
influences of these frequencies in modern populations’ dental expressions. Ranging on a 
scale from 0.0, meaning there is no genetic heritability, to 1.0, meaning there is complete 
genetic heritability, heritability is indirectly related to environmental influence on similar 
traits. The equation Vp=VG + VE is used to represent the variation in similarity 
expression, with Vp being the total phenotypic variance, VG being heritability or genetic 
variance, and VE being the environmental variance (Townsend & Brown, 1978a). Much 
debate exists regarding how genetic and environmental variances influence dental 
development. Unlike skeletal elements, which have a high degree of environmental 
influence, tooth size and morphological traits show a high proportion of genetic influence 
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(Townsend & Brown, 1978a). Intra-population relationships can also be assessed through 
heritability studies. Hanihara & Ishida (2005) and Harris (2003) concluded that members 
of the same population are more related to each other than to members of a different 
population. Though heritability is not the focus of the present research, the processes by 
which dental shape and size are retained, or changed, across generations is crucial in 
understanding the variation observed in dentition.  
 
Morphogenetic Field Theory 
Each type of tooth experiences a degree of variation in both size and shape 
according to the morphogenetic field theory of dental development. In each class of teeth 
- that is, incisors, canines, premolars, and molars – there is one tooth that is considered to 
be the polar, or key tooth due to limited variability. The more distal teeth in each class 
will display increasing variability in expression of trait morphology and tooth crown 
dimension (Butler, 1939; Dahlberg, 1945; Townsend et al., 2009; Townsend & Brown, 
1981). For instance, a third molar compared to a first molar exhibits significantly more 
variation. There is, however, an exception to this observation, as can be seen in the 
mandibular lateral incisor which was identified as the polar tooth. Butler (1939) 
originally identified the mandibular central incisor as the polar tooth, which Dahlberg 
(1945) challenged, though did not present any supporting evidence for his claims. 
Genetic studies, by Townsend et al. (2009) found greater stability in the lateral incisor 
rather than the central incisor.  
 10 
Molars and premolars were separated by Dahlberg (1945), adding a fourth field to 
the morphogenetic field theory. However, acceptance of the addition of the premolar as a 
field has not been uniform in the field. Disagreeing authors state that premolars are 
anterior extensions of molars (Irish & Turner, 1991; Osborn, 1978), using mandibular 
premolars as supportive evidence (Irish & Turner, 1991). Their reasoning is that the 
fourth premolar exhibits a more molariform shape than the third premolar, which is 
furthest from the first molar polar tooth (Scott & Turner, 1997). Within the dental 
anthropology field, there is no agreement on whether posterior teeth should be grouped 
together under one molar field or separated into premolar and molar fields. 
 
 
Dental Morphology Observations 
 Modern dental morphology research has spanned from the early 20th century 
through current publication in the 21st century (Hrdlička & Pearson, 1911; Scott et al., 
2016). Morphological studies stemming from the early 20th century centered on the 
identification of traits and subsequent typological classification of races based on the 
frequency of these traits (Alsoleihat, 2013). There was a notable transition from the 
observational-based research to analytical-driven studies in the late 20th Century 
(Hanihara, 1960; 1967; 1968; 1989b; 1992; Turner, 1983; 1990). This more theoretically-
driven research directed dental morphological studies away from sole observation of 
traits seen in dentition and towards associating traits with specific population groups in a 
statistically framed paradigm. Though the typological classification of populations has 
been discounted, the establishment of dental morphology observations and research at the 
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beginning of the 20th century aided in the development of more academic and insightful 
methodologies currently employed by anthropologists (Dirkmaat & Cabo, 2012).  
Hrdlička, one of the founders of the American Journal of Physical Anthropology 
(AJPA) and American Association of Physical Anthropology (AAPA) (Ubelaker, 1999), 
published some of the first papers that identified dental morphologies in association with 
geographic groups (Hrdlička, 1920; 1921; Hrdlička & Pearson, 1911). In particular, his 
most influential research investigating dental morphology was centered on incisor 
shoveling (Hrdlička, 1920). While his incisor shoveling observations are perhaps his 
most well-known dental morphology work, Hrdlička & Pearson (1911) made broad 
claims about race classification based on dental morphology characteristic prevalence in 
populations. Further work by Hrdlička (1921) demonstrated interest in the observation of 
incisal shoveling and its frequency in Native American groups; however, this publication 
was the last from Hrdlička on the topic of dental traits. Certain traits have historically 
been associated with specific populations, such as shovel-shaped incisors with Native 
American and Asian groups (Hrdlička, 1920), Carabelli’s cusp with European 
populations (Kraus, 1951), and the distosagittal ridge with Native American groups 
(Bailit et al., 1968; Barksdale, 1972; Dalhberg, 1951; Doran, 1977; Hanihara, 1956; 
1957; 1968; 1976; 1989a; b; 1990a; b; 1992; Richards & Tefler, 1979; Stojanowski et al., 
2013; Turner, 1989; 1990).  
Despite Hrdlička’s cessation of publications on dental morphology, early studies 
continued to connect primate dentition and human origins, as well as continued 
establishment of race classification through dental observations (Gregory, 1922; 
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Hellman, 1928). Gregory (1922) added an interdisciplinary approach to dental 
morphology, as he analyzed primate dentition comparatively to human dentition in an 
attempt to identify the origin of dental traits. Hellman’s work (1928) was more in-line 
with Hrdlička & Pearson’s (1911) work, which provided racial classification schemes 
based on dental morphological structures. Hellman (1928) was an advocate of racial 
typology and concluded intellectual capabilities of races in his publication, remarking 
that certain traits, such as Carabelli’s trait, were more prominently featured in 
“productive” populations. Early research in dental morphology, while critical for the 
foundation of trait characteristics, were not without the influence of their sociocultural 
environments.  
Dental morphological studies in the 1940s and 1950s continued establishment and 
recognition of traits beyond the shoveling identified by Hrdlička (1920) and ceased 
claims of racial typology trait affiliations (Dahlberg, 1945; 1951; Hanihara, 1956; 1957; 
Jøgensen, 1956; Kraus, 1951). Dahlberg (1945) established the first dental characteristic 
trait list while Kraus (1951) continued the descriptive observations of dental traits. 
Deciduous dentition began to be observed more frequently by Hanihara (1956; 1957) and 
Jøgensen (1956), who isolated deciduous-specific traits that are primarily on primary 
dentitions, such the distal trigonid ridge in the first molar. 
Hanihara (1956; 1957; 1989a; 1990b) additionally began investigating Asiatic - 
specifically Japanese and Ainu populations - trait frequencies in deciduous and 
permanent dentition. Although Hanihara primarily formed trait lists in deciduous versus 
permanent dentition, which were then used to compile trait frequencies in Japanese 
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populations, the publication of Christy Turner’s dental morphology research began the 
investigation and comparison of geographic groups’ trait frequencies (Hanihara, 1968; 
1976; 1989b; 1990a; 1992; 2008). Turner (1983; 1990) undertook the observation and 
documentation of dentitions across the world. He proposed geographic classification 
schemes throughout Asia and the New World. These classification groups, Sundadonts 
and Sinodonts, are based on population-specific traits (Turner, 1990). The basis of 
Asiatic population migrations is largely based on the Sundadont and Sinodont grouping 
and the data that Turner collected was a primary source for the Arizona State University 
Dental Anthropology System (ASUDAS) trait-scoring methodology (Turner et al., 1991). 
Turner and Hanihara, through their foundational studies that focused on population-
specific traits and the recordation of dental morphology, formed the foundation for 
current bioarchaeological and forensic dental morphology research, especially for Native 
American and Asiatic groups. 
Through the compilation of past dental morphology studies that observed 
dentitions and the presence or absence of morphological traits, three broad geographic 
groups were established; Mongoloid, Caucasoid, and Australoid (Hanihara, 1968). The 
Mongoloid dental group, an outdated and over-simplistic term, was further refined using 
specific dental traits. Turner (1989; 1990) deconstructed the Mongoloid group into two 
further defined groups, Sundadonts and Sinodonts, which are separated by the expression 
and morphological traits associated with populations. Sundadont (termed after the Sunda 
shelf which connects mainland Asia and the Pacific Islands) characteristics are observed 
in Southeast Asian and Pacific Island populations. Their characteristics are less defined 
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than Sinodonts and less expressive, which can be associated with phylogenetic traits. 
Sinodonty is reflected in Northeast Asian and Native American groups and have more 
evolutionarily derived characteristics and more complex dentitions than Sundadont 
populations.  
Modern Japanese exhibit mostly Sinodont dentition, reflecting gene flow from 
East and Northeast Asian Sinodont populations (Lukacs & Hemphill, 1991; Turner, 
1990). Turner argues that the Sundadont dentition arose early in Southeast Asian 
prehistory, likely the result of northern populations replacing or exchanging genes with 
local Australo-Melanesians, who occupied a majority of Southeast Asia. The Southeast 
Asian groups with the Sundadont dental complex migrated northward, and the Sinodont 
dental pattern subsequently derived evolutionarily from the Sundadont morphology. 
Turner proposed that the Sinodont pattern likely originated due to isolation during 
migration, small population sizes, and genetic bottlenecks. 
Conclusions derived from Sundadont and Sinodont dental complexes are useful in 
the discussion of the Asiatic migrations and the peopling of the New World. By 
comparing trait morphology frequencies between geographically related groups, the 
migration patterns of archaeological populations have been traced to understand 
(Hanihara, 1956; 1957; 1989a; 1990b) their applications to modern populations and 
forensic ancestry research are too generalized and do not account for modern population 
histories (Scott et al., 2016).  
Dental morphology continues to be an influential methodology used by 
researchers to track population migrations, specifically over the Bering Land Strait. 
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Continued collection of morphological observations of populations, through the use of 
scoring systems like ASUDAS, will enhance knowledge and recognition of population-
specific dental morphology traits and more concretely correlate traits with specific 
ancestral affiliations.   
Researchers employ ASUDAS to utilize trait scores in statistical analyses (Edgar, 
2005; 2013; Scott et al., 2016; Turner, 1991). Break points, or the dichotomous 
separation of a trait being present or absent, were established for each ASUDAS dental 
morphology trait (Edgar, 2005; 2013). These break points, coded as 0 for the trait being 
absent and 1 for the trait being present, allow for regression analyses to be formulated. 
The regression analyses then are used to estimate ancestry through statistical programs 
such as rASUDAS (Scott et al., 2018), a program specifically created for the ASUDAS 
dental morphology, or Analysis of Variance (ANOVA), a generalized statistical test that 
can measure variance between and among groups (Scott et al., 2016). As with any study, 
the introduction of statistics and the reading of significance is dependent on the 
interpretation of the user.  
Technology, specifically imaging capabilities, has increased the accuracy of 
observations of dental traits. For example, the use of 3D scanners allows for molar cusps 
to be more easily visualized, which in turn may result in better scoring of molar cusp 
traits, as the 3D scans can be manipulated in ways that are limited by casts and skeletal 
remains. Furthermore, increased refinement in computer technology and statistical 
programs, such as rASUDAS, as well as technological training enables forensic and 
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dental anthropologists to conclude ancestry estimations with increased confidence 
(Edgar, 2005; 2013; Scott et al., 2018).  
 
A Brief Research History of Select Morphological Dental Traits 
 Most of the traits presented below are scored using the Arizona State University 
Dental Anthropology System (ASUDAS). Turner et al. (1991) outline the anatomical 
location of each trait in the dentition in addition to the standardized ordinal scoring 
procedure most commonly used in modern research. The research history that is given in 
this section is by no means comprehensive; it rather describes the introduction of the 
selected traits into dental anthropology and population studies. While the traits in this 
section are divided by expression on tooth type, there is some overlap, such as with the 
tuberculum dentale, peg-shape, and shoveling. The scoring procedures used in the present 
study are presented in Table 3.3. 
 
Incisor Morphological Traits 
  Shoveling of the incisors is one of the most frequently studied traits in dental 
morphology (Canger et al., 2014; Carbonell, 1963; Dahlberg, 1951; Kimura et al., 2009; 
Koski & Huatala, 1952; Suzuki & Sazai, 1964; Turner, 1967; and many others). 
However, “shovel-shaped” morphology was first identified by Hrlička (1920; 1921) 
through the observation of distinct, well-developed enamel elevations resulting in a 
marked concavity on the lingual surface of the incisors. This concavity has been 
identified as the lingual arching of enamel and dentine (Tratman, 1950).  
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 The trait can be observed on both the central and lateral incisors; however, it is 
most expressive, or easily identified, on the central incisors. Hrlička’s (1920) original 
scoring system noted the shoveling trait in three separate degrees of expression: “shovel” 
– the most expressive of the trait, “semi-shovel” – an intermediate expression, and “trace 
shovel” – the least expressive observation of the trait. From this scoring system, Dahlberg 
created dental reference plaques which were adopted by Turner for the ASUDAS (Turner 
et al., 1991). 
 Double-shoveling is described by Dahlberg (1951) as a labial concavity on the 
central incisors, though has been known to extend to the upper canines and first 
premolars.  
Discussed first by Enoki & Dahlberg (1958), incisal winging is characterized by 
the rotation of the upper central incisors. Their procedure was modified by Turner (1970) 
and Turner et al. (1991) to form the ASUDAS scoring criteria. Caution is used when 
assessing mesiolingual rotation of one incisor or the distolingual rotation as dental 
crowding can cause rotation of teeth. Both antimeres should be used whenever possible.  
 Labial convexity can be observed when viewing from the occlusal aspect. The 
labial surface of the upper incisors can range from flat to displaying marked convexity, as 
described by Nichol et al. (1984) and Nichol et al. (2005). Shoveling or double-shoveling 
can influence the expression of this trait at the margins of the tooth, and as such the 
medial two-thirds of the tooth should be observed (Turner et al., 1991). 
 Interruption grooves, which cross the cingulum and often continue down to the 
root, were first studied by Turner (1967). More recent studies of the interruption grooves 
 18 
focus on frequency within and among populations (Cucina, 2011; Edgar et al., 2016). 
Grooves can manifest on either or both of the mesiolingual or distolingual borders or on 
the medial area of the cingulum and as such, scoring is based on the location of the 
groove.   
 The tuberculum dentale trait is located above the cervical line on the lingual 
surface of the upper incisors and canines, though the observation of the lateral incisor is 
recommended for population studies by Turner (1989).  
 For both the incisor and molar, the peg-shaped trait is defined by the lacking of 
appropriate crown morphology and having a reduced size. These teeth are on a probable 
continuum that ends with congenital absence, with the peg-shaped expression being near 
the absence threshold (Turner et al., 1991). Scoring is based on the severity of 
expression. 
 
Canine Morphological Traits 
 The canine mesial ridge is frequent in African populations and was termed the 
“Bushman canine” by Morris (1975). The degree of prominence on the mesial ridge, 
located on the lingual surface of the upper canines, is scored using the criteria in Turner 
et al. (1991).  
 Traditionally, the upper canine is the key site of observation for the canine distal 
accessory ridge, which is located on the lingual surface of the distolingual fossa. As use 
of the lower canine has been described as producing more reliable results in 
interpopulation comparison due to less wear on the tooth by Keiser & Preston (1981), the 
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lower canine will be used in the analysis in addition to the upper canine. The sexes were 
not pooled because this trait is the most sexually dimorphic feature in the human 
dentition (Noss et al., 1983; Turner et al., 1991). 
 
Premolar Morphological Traits 
 Small accessory cusps on premolars are defined by a strong separation from both 
the buccal and lingual cusps at the mesial and/or distal ends of the sagittal grooves (Kraus 
et al., 1969; Wright, 1975). Scoring is based on presence or absence of the trait.  
 The extra cusp of a tricuspid is located on the distal portion of the occlusal crown. 
An upper premolar with three cusps is most frequent in occurrence in southwestern U.S. 
Native Americans and rarely observed outside of this population (Turner et al., 1991). 
Scoring is based on presence or absence of the trait.  
The distosagittal ridge premolar trait was first researched by Morris et al. (1978), 
who termed it the “Uto-Aztecan premolar” and suggested that the feature may be a lesser 
expression of the tricuspid premolar described by Hrdliča (1921). The distosagittal ridge 
is located on the buccal cusp of the upper first premolar where the buccal surface inclines 
mesially. The ridge extends from the apex of the buccal cusp to the distal border near the 
sagittal line. This trait has exclusively been observed in Amerindian populations. Scoring 
is based on presence or absence of the trait. 
Leong’s premolar (Tratan, 1950; Villa et al., 1959), enamel pearls (Pedersen, 
1949), or odontomes are any pin-sized, spike-shaped enamel and/or dentine projections 
that occur on the occlusal surface of the premolar. As this trait is associated with dentine, 
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presence of odontomes can be identified through the appearance of light brown dentine 
exposure (Turner et al., 1991). Scoring is based on presence or absence of the trait.  
 In contrast to the upper premolars, there is considerable variation in the crowns of 
lower premolars (Pedersen, 1949; Kraus & Furr, 1953). The lingual cusp number and size 
variance is scored, though expression is very sensitive to wear. While the second 
premolar is key for expressed variation, and is easier to score (Turner et al., 1991), both 
premolars can be observed using the same scoring scheme. 
 
Molar Morphological Traits 
 Cusp 3, or the metacone, is on the distobuccal portion of the occlusal surface and 
are generally always present with absence or weaker forms being rare.  
 Gregory (1922) and Takahashi et al. (2007) illustrate a general trend of size 
reduction of the distolingual cusp, otherwise known as the hypocone. Dahlberg (1951) 
observed stability in the formation of four well-developed cusps in the first upper molar 
in almost all populations, followed by intermediate hypocone variation (e.g., size 
reduction to complete absence) in the second molar. The third molar displays the most 
variation due to its unstable nature. 
 An accessory cusp, cusp 5 which is also known as the metaconule, may 
occasionally be present in the distal fovea of the upper molars between the metacone and 
hypocone. When present, cusp 5 usually has two adjacent distal grooves. The trait was 
originally discussed and scaled by Harris (1977), though subsequent research focused on 
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frequency in different populations (Bermúdez & Martínez, 1986; Cucina, 2016; Harris & 
Bailit, 1980; Kanazawa et al., 2005; Macho & Cecchi, 1992; Townsend et al., 1986).  
  Carabelli’s trait is an accessory trait that occurs on the lingual surface of the 
mesiolingual cusp, or cusp 1, of the upper molars. The trait was first classified and scored 
by Dahlberg (1956), though subsequent research focuses on the etiology of the trait 
(Goose & Lee, 1971; Harris, 2007; Hunter et al., 2010; Joshi, 1975; Keiser, 1984; Kondo 
& Townsend, 2006; Moorman et al., 2013; Paul et al., 2017), correspondence of tooth 
size and the expression of the trait (Keene, 1968; Noss et al., 1983; Reid et al., 1991), 
and population occurrences and frequencies (Bermúdez, 1989; Hassanali, 1982; 
Kamatham & Nuvuula, 2014; Kolakowski et al., 1980; Kraus, 1959; Scott, 1980; 
Townsend & Brown, 1981; Vodanović et al., 2013).  
 The parastyle is an accessory cusp that is found on the surface of the mesiobuccal 
cusp, or cusp 2. Though most often found on the third molar, the parastyle can be present 
on any of the upper molars (Bolk, 1915). It is possible that a similar structure can 
manifest on the buccal surface of cusp 3 and should be scored as the parastyle (Turner et 
al., 1991).  
 Enamel extensions are a continuation of enamel past the cementoenamel junction. 
First scored and classified by Pederson (1949) on a semi-continuous classification system 
based upon the metric length of the apical extension of the enamel. The ASUDAS 
scoring by Turner et al. (1991) uses this system with slight modifications.  
 Described first by Hrdlička (1924), the anterior fovea trait, also known as the 
precuspidal fossa, is located on the anterior occlusal surface. The anterior fovea is very 
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susceptible to wear due to its early eruption. Additionally, the presence of caries can 
equally obscure this traits expression.  
 Three main patterns, based on cusp contacts, are formed by the fissures on the 
occlusal surface, Y, +, and X. The Y-pattern was first introduced through the research of 
Gregory (1916), who found that this pattern also appeared in ancestral hominins, 
specifically Dryopithecines. Dahlberg (1951) concluded that human molars have evolved 
from this ancestral Y-patterning. The introduction of the +-pattern through Hellman 
(1928) focused on the ancestral Dryopithecine to modern human molar groove pattern 
transition, stating that there were significant differences in expression between White, 
Black, and Asian ancestry groups. Finally, the X-pattern on molars was explained via 
Jorgensen (1955) and his three-class system. Specifically, Jorgensen found that the Y-
pattern decreased from M1 to M3, the +-pattern was more frequent on M2 and M3, and 
that the X-pattern decreased in frequency from M3 to M2 and was rare on M1. Extensive 
wear and dental caries can obliterate the expression of groove patterning. The deflecting 
wrinkle, when present, can affect the observation of this trait (Morris, 1970). The second 
lower molar is the key site for observing this trait due to the high degree of 
interpopulation variation.  
 Gregory (1916), who also researched groove patterning, was the first to identify 
cusp numbers. This original work by Gregory was only slightly modified by other 
researchers (Jorgensen, 1955; Turner, 1967; Wright, 1975). Cusp 7 is not considered in 
this classification scheme.  
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 Located on the central ridge of the first cusp of the lower molars, the deflecting 
wrinkle was first described in 1937 by Weidenreich in ancestral hominins. Further 
standardization of this variable trait was conducted by Seybert & Turner (1975). This trait 
rarely occurs on the second and third molars and wear consistently obscures its 
expression.  
 Bridging the groove between cusps 1 and 2 on the lower molars, the distal 
trigonid crest trait can be defined as a ridge or loph. Hrdlička (1924) studied this trait for 
comparison purposes. Hanihara (1961) identified and created scoring schemes for this 
trait in deciduous molars. Though rare in permanent molars, this trait is generally 
expressed on the first molar when present.  
 Similar to the Carabelli’s trait, the protostylid varies from pits and grooves to a 
fully formed accessory cusp. This paramolar cusp is generally found on the anterior 
region of the buccal surface of cusp 1 and is normally associated with the buccal groove 
that separates cusp 1 and cusp 3. The protostylid is most often associated with the first 
and third molar. Dahlberg (1945; 1951; 1963) was the first the name, identify ancestral 
hominin origins with Austalopithecines, and develop standardized classifications for this 
trait. The buccal pit is frequently the site of dental caries which can obscure the 
expression of the protostylid. 
 Cusp 5, also known as the hypoconulid, is located on the distal occlusal aspect of 
the lower molars. This cusp is scored in terms of size following the standardization of 
Turner & Warner (1977) and Turner et al. (1991).  
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 Cusp 6, also known as the entoconulid or tuberculum sextum, appears in the distal 
fovea of the lower molars lingual to cusp 5. This cusp is scored by size relative to cusp 5. 
There is some uncertainty in determining whether a single distal cusp is cusp 5 or cusp 6; 
when only one cusp is present, it should be scored as a cusp 5 as cusp 6 is hypothesized 
to be supernumerary. When there are two distal cusps, cusp 6 should be defined and 
scored. Standards for scoring were developed by Turner (1970) and refined Turner et al. 
(1991).  
 Cusp 7, also known as the metaconulid or tuberculum intermedium, is observed 
on the lingual groove between cusps 2 and 4, most commonly on the first molar. 
Standardization of observational methods were developed by Turner (1970). Due to the 
lingual positioning of this trait, it can still be observed when wear is present on other 
cusps.  
 
Odontometrics 
The mathematical study of dental crown size and shape through various 
measurements and morphology has been defined as odontometrics (Goose, 1963; Harris 
& Rathbun, 1989). Traditionally, odontometrics has been used in analyzing the metric 
patterns between and among populations from large geographic regions - such as Africa, 
Europe, and Asia – and establishing broad classifications of groups based on tooth size 
(Alvesalo & Tigerstedt, 1974; Falk & Corruccini, 1982; Hanihara & Ishida, 2005; Harris 
& Bailit, 1988; Harris & Rathbun, 1991; Koyoumdjisky-Kaye et al., 1976; Lavelle, 1973; 
Moss et al., 1967; Otuyemi & Noar, 1996; Perzigian, 1981; Townsend & Brown, 1978a). 
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The previous studies, with exception to Harris & Rathbun (1989) and Moss et al. (1967), 
have not been attentive to North American populations, especially Native American 
groups. For ancestral estimations, broad population differences in dental dimensions and 
shape have been utilized. Western European populations are recorded to have the 
smallest tooth dimensions (Hanihara & Ishida, 2005; Otuyemi & Noar,1996; Pilloud et 
al., 2014; Schnutenhaus & Rösing, 1998; Shields et al. 1990), Asiatic populations have 
intermediate dimensions (Hanihara & Ishida, 2005; Pilloud et al., 2014; Shields et al. 
1990), and Native Australians, Melanesians, Sub-Saharan Africans, and Native 
Americans usually maintain the largest dimensions (Hanihara & Ishida, 2005; Pilloud et 
al., 2014; Schmidt, 2008; Shields et al., 1990). 
Previous odontometric studies have established the precedent for measurement 
methods and provided conclusions that explain variation among and between different 
groups of people. To observe the developmental condition of children living in Israel, 
Koyoumdjisky-Kaye et al. (1976) researched the differences between Kurdish and 
Yemenite Jewish populations. The mesiodistal (M-D) and buccolingual (B-L) dimensions 
and arch width and depth of 197 children were observed. For both populations, 
Koyoumdjisky-Kaye et al. (1976) found statistical significance for the arch width and the 
M-D length of maxillary central incisors, mandibular lateral canines, and upper and lower 
canines. Significance of M-D and B-L crown diameters were again investigated by 
Otuyemi & Noar (1996) in a study that observed Nigerian (n=30) and British (n=30) 
children. The M-D crown measurements of the Nigerian group was found to be larger, 
though buccolingual dimensions were only found to be significant for the mandibular 
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central incisors and maxillary canines. The variable sizes of the occlusal surface of 
molars has been researched in attempts to distinguish between broad geographic 
populations. In morphometric studies, linear measurements between the four cusp tips on 
maxillary molars defines an occlusal polygon that is then used for morphological 
analyses (Fernandes et al., 2013; Morris, 1986). Morris (1986) found significant 
differences in two the occlusal polygon measurements that allowed differentiation 
between Papago, Bantu, Bushman, Asiatic Natives, and Europeans. Fernandes et al. 
(2013) investigated temporal changes in a Neolithic (n=54) and modern (n=50) 
Portuguese sample. Rather than observing a reduction in overall occlusal dimension, 
Fernandes et al. (2013) report an increase in size for the occlusal polygon.   
Hanihara & Ishida (2005) reported tooth size differences in broad geographic 
populations. Their study was conducted to better analyze the similarities and differences 
between 72 populations across Europe, Asia, and Africa. Mesiodistal and buccolingual 
measurements were taken for the groups and distinct differences between most of the 
groups were identified. Of the groups analyzed, Sub-Saharan and Australian tooth sizes 
were distinct from the other populations. Hanihara & Ishida (2005) were able to 
demonstrate the ability to geographically differentiate between populations using 
odontometric techniques in addition the more established craniometric and genetic 
differentiation methods.  
Pilloud et al. (2014) demonstrated that missing data from incomplete or 
immeasurable dentitions not only reduces the number of individuals examined, but also 
skews statistical models. Their study, which recorded the B-L and M-D measurements of 
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all available teeth in 5,631 individuals from broad geographic regions (i.e., Africa, Asia, 
and Europe), was eventually reduced to 508 individuals due to missing data for certain 
variables, particularly measurements from molars. To correct for missing data, an average 
measurement for variables were implemented into the analysis, though statistical models 
performed poorly. As such, only individuals with complete dentition (all 32 teeth present) 
were used for analysis. To estimate ancestry classification accuracy, discriminant 
function analyses were used. Polar teeth of the morphogenetic field theory were primarily 
used and all available measured teeth were included secondarily. Equations from the 
discriminant function separated males and females while utilizing a two-step analysis. 
These first equations were used to classify African and Asian groups from European 
groups. The second set of equations were used to classify African and Asian groups. 
Including the sex of the individual resulted in significantly higher classification rates. 
Though the small samples sizes of the European and African groups are suggestive of 
over-fitting, there are statistically significant results for broad geographic trends for 
overall tooth size. Pilloud et al. (2014) demonstrated successful broad-ancestry 
classification with the sex-specific discriminant function analyses.   
Odontometric studies that have been conducted in the North American region 
tend to focus primarily on African and European American populations. Sculli (2001) 
investigated the temporal variation of tooth size dimensions in a deciduous Ohio Valley 
Native American archaeological population (n=337). While some statistically 
insignificant fluctuations were observed throughout the Late Archaic and Late prehistoric 
periods, these were primarily attributed to random genetic drift. On average, however, the 
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deciduous tooth dimensions of the Ohio Valley Native Americans were stable throughout 
time. In analyzing the odontometrics of American Black and White populations, Moss et 
al. (1967) identified admixture between African and European populations. The 
American Black population was an intermediate form of South African and European 
dentitions, indicating the admixed or hybrid expression of tooth size. Though individuals 
with African ancestry tended to have overall larger teeth, the statistically significant 
differences between the American Black and White samples were not consistent. The 
increase in mesiodistal crown diameters of posterior teeth in an American Black 
population from a 19th Century South Carolina, studied by Harris & Rathbun (1989), 
were found to be statistically significant from an Asian and American White population.  
Adams (2015) used odontometrics to investigate the accuracy of Hispanic 
ancestry estimation in forensic anthropology using Native American (n=161), New 
Mexico Hispanic (n=202), European American (n=165), and Asian American (n=43) 
groups. Through the use of dental crown and dental arcade measurements, Adams (2015) 
found significant differences between Native Americans and European Americans. The 
analysis of the Southwest Hispanic population resulted in a greater phenotypic similarity 
to the European American group and low association with the Native American group. 
Adams (2015), Moss et al. (1967), and Harris & Rathbun (1989) demonstrate the 
increasing intermediate tooth size state in admixed populations from the contribution of 
the parent populations. 
Odontometric studies of Japanese groups have centered on identifying worldwide 
trends in tooth size and primarily use deciduous crown measurements (Hanihara, 1998; 
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Harris & Lease, 2005; Ono, 1960). Research conducted by Brace & Nagai (1982) 
explored modern Japanese tooth sizes, through M-D and B-L crown measurements taken 
from modern Japanese (Fukuoka, Kyoto, and Tokyo), Hokkaido Ainu, and Korean 
populations as well as prehistoric Jomon and Yayoi groups. The small sizes of teeth 
observed in the Ainu populations are correlated to the Jomon population. Yayoi tooth 
dimensions are linked to Chinese Neolithic tooth sizes and modern Japanese teeth are 
most similar to the Yayoi sizes. In a very similar study, Brace et al. (1989) coupled 
craniometrics with odontometrics to again analyze modern Japanese origins. Craniofacial 
variables subjected to multivariate analyses found modern Japanese to be most similar 
with Koreans, Chinese, Southeast Asians, and Yayoi groups. Tooth sizes associated the 
modern Ainu population to the prehistoric Jomon group. The odontometric results from 
Brace et al. (1989), which find differences between the sampled Asiatic groups, agree 
with the earlier results of Brace & Nagai (1982) and is further supported by craniometric 
variables. 
Kondoh (1990) analyzed both the expression of dental traits and the crown sizes 
of 1,063 deciduous Japanese teeth. Mean M-D and B-L measurements for all tooth 
classes were calculated to investigate differences between sexes in children’s teeth. In 
general, teeth reduced in size in size from second molar, first molar, canine, central 
incisor, and lateral incisor. With females, however, the M-D crown diameter decreased in 
the order of second molar, first molar, canine and central incisor, lateral incisor, where 
the canine and central incisor were equal in size. The coefficient of covariance was larger 
in anterior teeth. Males tended to have larger teeth than females. Kondoh (1990) 
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demonstrates that within a population, individual dentition measurements follow the 
trend of the overall population dimension frequencies.  
 
Ancestry Estimations Utilizing Dentition 
 
Teeth are an underutilized research material despite the resilience of enamel in 
various depositional environments, the static nature of morphological traits and crown 
dimensions, and the genetic inheritance of both size and shape of teeth. In forensic and 
biological anthropology, dental research has traditionally been used to develop aging 
methods (de Souza et al., 2015; Duangto et al., 2016; Faillace, 2017; Harris & McKee, 
1990; Harris et al., 2001; Lewis & Senn, 2010; Li et al., 2012; Mincer et al., 1993; Mohd 
et al., 2017; Smith, 1991; Sierra, 2006; Yusof et al., 2014); however, few studies that 
have utilized dentitions in determining the forensic ancestry of individuals (Alsoleihat, 
2013; Edgar, 2005; 2013; Pilloud et al. 2014).  
The research on dental morphological traits has become an increasing occurrence 
over the past two decades, primarily due to the work of Hanihara (1960; 1967; 1989b; 
1990a; 1992), Turner (1983; 1985; 1990; Turner et al., 1991), Scott et al. (2016; 2018), 
Edgar (2005; 2013), and others. Authors utilize odontometrics for ancestry estimations, 
though these studies are rare (Pilloud et al., 2014). Primarily, odontometrics are used in 
forensic sex estimation (Acharya and Mainali, 2008; Cardoso, 2010; İşcan & Kedici, 
2003; Karaman, 2006; Zorba et al., 2011) and bioarchaeological population research 
(İşcan, 1989; Viciano, et al., 2011; Viciano et al., 2013; Vodanovic et al., 2007).  
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The use of dental morphology in forensic anthropology settings, especially in 
regards to estimating ancestry, is under-utilized. Ancestral estimations are primarily 
reliant on FORDISC 3.1, a statistical computer program that uses cranial measurements 
to recommend predicted ancestries (Janz & Ousley, 2005). However, as reassuring as 
FORDISC ancestry estimations are for researchers – given the quantitative and 
statistically framed results – ancestry is estimated for every individual based on samples 
submitted to the program. This means that options for ancestry estimations through 
FORDISC are dependent on the available forensic databank information (including 
American Indian, Black, White, Guatemalan, Japanese, Chinese, and Hispanic 
populations) within the program, significantly eliminating some ancestry possibilities.  
Forensic anthropologists may pay more attention to cranial and postcranial 
ancestral identifiers in skeletal remains before adopting dental morphology methods. This 
dismissal of the applicability of dental morphology can be traced to the subjective nature 
of scoring trait expression, leading to high inter- and intra- observer error, and the lack of 
established error rates with the ASUDAS scoring system. The ASUDAS scoring scheme 
can be notoriously complicated if the user is not trained by someone with experience 
(Edgar, 2005; 2017).  
As individuals with different parent population ancestries become more common 
place in forensic contexts, interpreting ancestry from skeletal remains alone become more 
complex (Hefner, 2009). The evaluation of the complexity of admixture and its effects on 
skeletal phenotypic traits, such as dentitions, have been of particular interest to forensic 
anthropologists (Edgar, 2005; 2013; Hefner, 2009). Admixture may result in the 
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expression of dental traits in a manner that has not been anticipated or observed through 
the ASUDAS system before. This means that trait lists and updated standards for scoring 
traits for modern populations are key to understanding ancestry in a forensic perspective 
(Edgar, 2005; 2013).  
Edgar (2005; 2013) applied the ASUDAS system to populations in a forensic 
context. Most notably, Edgar has used the break point-regression statistics to estimate 
ancestry using dental traits. Using a suite of traits taken from the original ASUDAS 
methodology (Turner et al., 1991), Edgar (2005) scored dental casts to estimate the 
ancestry of African American and European American individuals. Similar methodology 
was utilized by Edgar (2013) to attempt ancestry estimations for two groups of Hispanic 
Americans from New Mexico and South Florida. Edgar’s studies have presented the first 
formal application of dental morphology methodology to forensic anthropology research. 
As Edgar (2013) shows, more population-specific methods and testing will better reflect 
the diversity and variation in expression across and among different groups. With slight 
modifications to the ASUDAS system as well as heightened statistical analyses, Edgar 
(2005; 2013) has managed to integrate dental morphology practices into the forensic 
anthropology field.    
Critiques and limitations in using dental morphology as an indicator of ancestry 
stem primarily from the complex and subjective nature of scoring the traits observed 
using ASUDAS. More accurate and precise results come from users who have been 
trained on the scoring process and know how to use the associated statistical programs 
associated (Scott et al., 2018; rASUDAS).  
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The use of odontometrics for population differentiation has been critiqued, 
especially for forensic analyses and conclusions (Falk & Corrucini, 1982; Hanihara & 
Ishida, 2005; Harris, 2003). As forensic ancestry estimations rest on the modern 
population level, conflicts with using odontometrics based on archaeological collections 
can arise (Hanihara & Ishida, 2005). However, the effectiveness of using tooth 
dimensions is more applicable with broad geographic classifications, with less than 20% 
of odontometric phenotypic diversity occurring between populations and 80% occurring 
within populations (Hanihara & Ishida, 2005). Falk & Corruccini (1982) expressed 
concern regarding the utility of odontometrics in ancestry estimations and tested in dental 
measurement utility in their study using craniometrics and odontometrics (n=100).  Their 
aims to separate five distinct populations: Whites, Blacks, Eskimos, Mongolians, and 
Amerindians, found craniometrics to be the better methodological discriminator between 
the populations. Additionally, Harris (2003) reported little variation in crown dimensions 
on the basis of ancestry (4.9% effect) and sex (1.2% effect). Harris (2003) reported that 
the majority of variation of crown dimensions to be within rather than between 
populations, a conclusion similar to Hanihara & Ishida (2005), arguing that there is little 
use for odontometrics in forensic identification efforts. 
Sociopolitical interpretations of ancestry, or rather - race, are not so clear or 
unemotional as estimating an ancestry within the academic context. Within anthropology 
in general and forensic anthropology specifically, the reconciliation of the racial 
interpretation of remains of the sociopolitical realm and ancestry estimations made in the 
anthropological contexts is paramount. This does not mean that these terms are not 
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synonymous outside of the forensic anthropology realm. Caution and attention should be 
taken when reporting ancestry estimations in case studies, case reports, and in research, 
as public attention may be drawn to conclusions due to nomenclature usage rather than 
inferred meanings. As with any component of the biological profile, ancestry estimations 
are not always correct (Dirkmaat and Cabo, 2012; Ousley et al., 2009), and as such 
adaptability to the changing terminology of sociopolitical sphere is crucial.   
 
Population Histories of Modern Seminole Native American and Japanese Groups 
 This section briefly discusses the population histories of Seminole Native 
Americans and Japan, highlighting the formation of the Seminole as a conglomerated 
tribe and the major theories regarding the peopling of Japan using historic, genetic, 
dental, archaeological, and skeletal evidence. While questions as to the origins of modern 
Seminole and Japanese populations are well beyond the scope of the current study, the 
background history given importantly demonstrate that North American and Asiatic 
populations have undergone different population histories regardless of having distantly 
shared genetic origins. The modern origins of the Seminole people are fairly well 
documented through the records of the Seminole Wars and Southern expansion instigated 
by white settlers, though the prehistoric origins of the Seminole and other Native 
American groups is a complex and controversial scientific inquiry. Considerably more is 
known about the population history of Japan despite the debate surrounding the modern 
origin of the geographic region. 
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Seminole Native Americans of Florida 
The origins of the people of the southeast region of North America can be traced 
to the initial migrations from Asia to North America across the Bering Land Strait. The 
land mass known as Beringia was high and accessible during the centuries when 
glaciation lowered world-wide sea levels (Scott et al., 2016; Stojanowski et al., 2013). 
Small groups of Asian hunters crossed into North America in the northwest, possibly in 
pursuit of animal prey. By approximately 11,500 B.C., large numbers of the migratory 
groups moved rapidly southward. Throughout the Paleo-Indian and Archaic periods - 
10,000 B.C. to 3,000 B.C. – these groups relocated their settlements several times a year, 
following the seasonal plant and animal resources. The population density of southeastern 
groups grew high by the end of the Archaic period, partially due to the introduction 
pottery and the habitation of semi-permanent, ring-shaped villages surrounding 
ceremonial loci (Chatters et al., 2014; Scott et al., 2016; Stojanowski et al., 2013).  
Groups in the southeastern region of North America began supplementing their 
wild diet with horticultural cultivations by 1400 B.C. They lived in large, plan-style 
towns that included large earthworks (Riordan, 1996). These types of mounds and 
structure were located along the southern banks of the Mississippi River and mark the 
beginning of the Early Woodland period. Cultures of this period, such as Adena and 
Hopewell, established trading systems between the different groups of the Ohio River 
Valley and into the southeastern portions of North America. North American cooling 
climate change beginning in 450 A.D led to a general decline in the Hopewell influence, 
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though the culture remained prominent in the southeastern periphery until the end of the 
Woodland tradition in 750 A.D.  
The Mississippian period (900 A.D – 1500 A.D), which was the final cultural 
development before the arrival of Europeans into North America, is hallmarked by the 
more intensive exploitation of the landscape and resources, specifically maize. The mass 
cultivation of the maize led to significant changes in technology and material culture, 
expansions of intergroup trade, increases of the size and organizational complexity of 
settlements, and the increased degree of hierarchical differentiation (Riordan, 1996).  
Four groups within the Mississippian period are significant when exploring the 
origins of Seminole Native Americans; Moundville (central Alabama), Apalachee 
(north central Florida), Coosa (northeast Alabama through northwest Georgia into 
southeast Tennessee), and Oconee (east/central Georgia). Archaeological evidence of 
settlements, mounds, and cultural artifacts demonstrated that these four groups belonged 
to large urban centers with complex chiefdoms hierarchies, similar to other Mississippian 
cultural hubs (Riordan, 1996). However, after the decline of Mississippian groups, their 
descendant groups called the Muscogulge inherited the cultural and economic patterns of 
their predecessors. However, the Muscogulge differed from earlier Mississippian cultures 
by building habitations on a smaller scale, lineage-based social organization, and less 
intensive maize agriculture. Furthermore, while Mississippian groups declined rapidly 
due to European contact, the Muscogulge carved economic and political niches between 
the Spanish, French, and English.  
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 Increased contact by conquistadors from Spain and the other European colonizers 
pushed the Muscogulge groups to the periphery borders of the southeast. Groups, such as 
the Natchez, the Yamassees, the Guales, and the Apalachee, were completely pushed out 
or eradicated by colonizers. The few survivors of these groups would join larger Native 
groups, particularly the Muscogulge. With the continued dominance of Europeans in the 
southeast region, the threat of dependency on trade goods such as textiles, fire arms, 
metal goods, and alcohol, was eminent yet rejected by the majority of the Muscogulge 
groups (Riordan, 1996). The loose conglomeration of several groups under the 
Muscogulge allowed for two groups, named by Europeans, called the Creek and 
Seminole to detach themselves from their parent group. While the Creek resisted 
European assimilation by engaging in a civil war, the Seminole rejected, again, to be 
dependent on European influence and society.   
 The Seminole were markedly different from their parent Muscogulge group due 
to their retreat, from Europeans and other Native American groups, into the relatively 
uninhabited and game-rich land of Florida. Additionally, the Seminole viewed 
themselves as a separate people, primarily due to the occupation of their own lands 
(Florida), their separate Hitchiti-influenced language, and their own customs and leaders 
(Weisman, 2007). The Seminole even saw the origin of their name, given by Europeans 
in attempts to demonize the Native Americans that stood in the path of expansion, as 
further separation from their parent group (Riordan, 1996). The Seminole had separated 
from the Muscogulge at least three years before American Revolutionary War (1775 A. 
D.). 
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 The American Revolution served to further strain the Seminole and Euro-
American relationship. In the beginning years of the war, the Seminole group itself chose 
to remain in Florida even with Europeans attempted to sway Native American support 
towards the British. As the Muscogulge experienced decline after the War in 1783 in land 
size, population size, and European opinion, the Seminole group in Florida saw growth in 
the same areas (Riordan, 1996). However, in the War of 1812, Andrew Jackson rallied 
Euro-American support behind the eradication of Native Americans and began forcing 
Native groups from their lands. In 1817, the First Seminole War, Jackson invaded Florida 
claiming that the Seminole posed a threat to Americans. His invasion into Seminole 
territory, while extralegal, gave the United States control of the region and land. The 
American land-lust was not satiated, and the then-United State President, Andrew 
Jackson, again began conflict with the Seminole, the Second Seminole War, in attempts 
to drive the group from Florida to Oklahoma. This was lasted seven years (1835-1842) 
and ended with part of the Seminole group moving further into the Florida everglades and 
to Oklahoma (Riordan, 1996).  
  Florida was rumored to be a sanctuary for escaped slaves, and as such, many 
Black runaways from Alabama, Georgia, and the Carolinas would flee to the southeast. In 
1663, King Charles II of Spain ordered Floridian colonists to give slaves from British 
colonies freedom and protection if they converted to Catholicism and agreed to serve 
Spain. This proclamation further incited migrations of escaped slaves to Florida (Riordan, 
1996). When the Muscogulge group was a prominent presence in the southeast, slave 
migrations into the Florida region slowed and minimal numbers were being accepted by 
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the Spanish proclamation. However, when the Muscogulge broke apart, the path for 
escaped slave migrations was once again open and increased as the chaos of the 
American Revolutionary War allowed for more slaves to escape. As slaves fled from 
their forced labor, Native Americans had the choice of assisting their escape, 
incorporating them into Native groups, or returning them to the Europeans with whom 
Native Americans maintained a delicate balance of diplomacy and trade. Among the 
Seminoles, black villages were incorporated into the overall social and political structure 
of the larger Native American group. Black groups established several villages of 
maroons with a population of at least 430, living alongside and among the Seminoles 
(Riordan, 1996). The Black population living in the maroons of Fort Negro in Florida 
were forced to join their Seminole allies after the fort exploded. Nearly 800 Black 
individuals (150 men, 650 women and children) were then incorporated into the 
Seminole group (Weisman, 2007).  
 The Seminole Native American group is comprised of thousands of years of 
different ancestral groups’ migrations, admixtures, and political separations. The modern 
Seminole, who became federally recognized in 1957 (Riordan, 1996; Weisman, 2007), 
can trace their genetic roots not only to the Bering Land Strait migration event, but also 
to the Muscogulge group and the Black individuals who joined their group following 
European contact. While the modern Seminole population may not display the degree of 
admixture in modern Hispanic groups (Adams, 2015), the incorporation of many 
different Native American groups, such as the Woodland, Mississippian, and 
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Muscogulge, in their origin and the introduction of Black individuals in their later history 
must be accounted for when accessing ancestry. 
 
Japan 
 Japan has been argued to be homogenous based on social and political factors 
(Low, 2012), including language, identity, and unique cultural practices. With the insular 
effect of Japanese culture and the colonization by the Japanese, academics used 
anthropological, comparative studies of colonized Asian groups to perpetuate claims of a 
superior Japan based on homogeny and nationalism. Despite the scholars’ claims of 
Japan being superior to other nations, theories of the origin of the modern Japanese 
population (Low, 2012) remained highly debated until more recent genetic-driven models 
emerged (Tallman, 2016).   
The origins of the Japanese focus on three main theories and their models; the 
transformation theory, the replacement theory, and the hybridization theory (Brace et al. 
1989; Hammer et al. 2006; Hanihara, 1991; Low 2012; Nakashima et al. 2010; Tallman, 
2016). The transformation model proposes that the modern Japanese population arose 
from an indigenous population, the Jomon, who were in Japan for thousands of years. 
The replacement theory proposes that indigenous inhabitants of the Japanese archipelago 
were replaced by immigrants from mainland Asia. The hybridization theory proposes that 
modern Japanese populations are the result of admixture between indigenous populations 
and more contemporary immigrants from Asia (Hanihara, 1991).  
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Preceding World War II, the transformation theory, suggesting that the Jomon 
gave rise to modern Japanese populations through long-term population continuity, was 
highly supported by researchers and anthropologists (Low, 2012). This ideological 
paradigm was likely circulated throughout Japan to reinforce the homogeneity ideals of 
the country while reinforcing its prominent presence and power in Asia (Low, 2012). The 
Ainu, who are the indigenous population of Hokkaido, the island immediately north of 
Japan, disputed the transformation theory. Though Hokkaido, and therefore the Ainu 
population, was annexed into Japan during the Meiji Restoration in 1868, there remained 
uncertainty and hesitation in their incorporation and connection to modern Japanese 
(Brace et al., 1989; Hanihara, 1991). Modern Japanese pointed to the physical 
characteristics of the Ainu which differed from their own, specifically the facial features, 
lighter skin tones, and hirsutism (Tallman, 2016). By highlighting and focusing on these 
characteristics of the Ainu, Japanese anthropologists and political figure heads proposed 
the Ainu to be a race different than the modern Japanese (Low, 2012). These researchers 
and politicians proposed that the Ainu originated from the Neolithic era (9,000 B. C. to 
3,000 B. C.) and ceased to evolve in the same way as the Japanese. This “primitive race” 
idea of the Ainu persisted, and the majority the Japanese public and anthropologists 
considered the Jomon to be the ancestral group to the modern population while being 
completely unrelated to the Ainu (Low, 2012; Tallman, 2016). 
The hybridization theory was primarily proposed by Hanihara (1991), who 
constructed the Dual Structure Model (DSM) using craniometric and dental conclusions. 
Hanihara (1991) argued that admixture of the Jomon and the Yayoi resulted in the 
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modern composition of the Japanese population. The Jomon lived throughout the 
Japanese archipelago from approximately 13,000 B. P. as hunter-gatherer-collectors and 
the Yayoi were wet-rice agriculturalist immigrants from mainland Asia, who came to 
Japan approximately 2,300 years B. P. The support of the transformation model of the 
peopling of Japan largely ignored the Yayoi migration event by contending that no 
significant genetic flow occurred between the Yayoi and the Jomon and that, instead, the 
Yayoi migration resulted in only a cultural transference only, particularly in agriculture 
(Hanihara, 1991; Tallman, 2016). It was proposed by Hanihara (1991), that the Jomon 
migrated into Japan during cold conditions of the Last Glacial Maximum which, similar 
to the Bering Land Strait migration event, lowered sea levels to connect the mainland of 
Japan (Honshu) and the mainland of Asia approximately 20,000 – 13,000 years B.P.  
Therefore, if Hanihara’s (1991) theory holds, the Jomon migrated northward after the 
migratory separation from Southeast Asian populations, and occupied the entirety of the 
Japan, including Hokkaido (north) and the Ryukyu Islands (south). When sea levels rose, 
~13,000 years B.P., the Jomon became isolated on Honshu from the rest of the Asiatic 
mainland populations, resulting in a lack of gene flow and interpopulation interaction for 
at least 10,000 years (Tallman, 2016). 
Modern Japanese are considered genetically admixed between the Jomon and the 
Yayoi. This is primarily supported through cultural modifications, specifically rice paddy 
agriculture, metal working, and sociopolitical constructs. Hanihara (1991) connects these 
cultural transferences to Japan from the Yayoi based on their origin from east and 
northeast Asian populations, specifically from the Korean peninsula due to environmental 
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instability on the mainland. Further, Hanihara (1991) argues that the Ainu were direct 
descendants from the Jomon. This would result in the relatively homogenous nature of 
the Ainu’s genetic and craniofacial structure. The inhabitants of the Ryukyu Islands in the 
south were also considered to be related to the Ainu by Hanihara (1991), and thereby, 
descended from the Jomon. The DSM model follows that, due to their occupation of 
geographically isolated land that was a hindrance to migration to Honshu, the Hokkaido 
Ainu and Ryukyuans did not exhibit Yayoi admixture (Fukase et al., 2012; Hanihara, 
1991). This resulted in northern and southern geographic extremities of Japan remaining 
relatively undisturbed from the mainland Asian populations until the colonization of 
modern Japanese in the Meiji Restoration of 1868 (Low, 2012; Tallman, 2016). 
The Yayoi were further demonstrated to be related to Mongolian, northeast 
Chinese, and Siberian Asian population by Hanihara (1991) based on craniofacial 
morphology. Correspondingly, the Yayoi are descended from the northern Asian cold-
adapted populations. Craniofacial morphology observations by Hanihara point to Yayoi 
immigration into and throughout Japan variable rates. For Yayoi migration, the more 
southern island (Kyushu) or the southern portion of Honshu (Hanihara, 1991; Tallman, 
2016) are the most likely points of entry into Japan due to its proximity to the Korean 
peninsula. Because of these potential points of entry, the Yayoi populations were more 
represented in the western part of Japan, which is reflected in modern Japanese skeletal 
morphology (Tallman, 2016). Eastern modern Japanese populations display less Yayoi 
morphological proportions. Hanihara (1991) assert that differences east-west 
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morphologies and cultural differences indicate that the DSM is ongoing in the modern 
era. 
 
Research Objectives and Hypothesis 
The primary objective of this study is to address the following questions: Can 
dental nonmetric trait assessment and odontometric methods aid in differentiating 
Seminole Native American and Japanese individuals? If statistically significant 
differences are identified in both tooth shape and size between the modern Seminole and 
Japanese groups are found, can these differences be used to establish new methods for 
differentiating between Native American and Asiatic populations?  
This project investigates the frequencies of dental morphological traits and 
odontometric data to identify variables useful in identifying modern Native Americans 
and Japanese. The nonmetric dental traits commonly used to identify ancestry in 
individuals were ordinally scored following Turner et al. (1991) and Edgar (2005; 2013) 
and the odontometric variables were measured following Pilloud et al. (2014). These 
methods were then used to test the hypothesis that modern Seminole and Japanese 
individuals differ from each other in both dental shape and size. This research contributes 
to the continued development of ancestry-specific methods to better identify individuals, 
particularly those of Native American or Asian descent.   
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Hypothesis 
The goal of the current study is to establish dental trait frequencies to determine if 
nonmetric and metric dental trait expressions can be useful in identifying Seminole 
Native American and Japanese individuals. The following hypothesis will be tested in 
this study to achieve this goal: Differences in the nonmetric and metric expression of 
ancestry, specifically present in the dentition, exist between modern Seminole and 
Japanese individuals and will be reflected in the morphologic trait and odontometric 
analyses. If this hypothesis is supported, the methods developed that group Native 
American and Asian populations will not be advocated for Seminole and Japanese 
individuals specifically, and all Native American and Asian sub-populations generally. 
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CHAPTER 3:  MATERIALS AND METHODS 
 
 
Materials 
 
Two collections were used to gather both morphological and metric data –  the R. 
M. Menegaz-Bock collection housed at The Ohio State University (OSU) and a modern 
Japanese skeletal collection housed at Jikei University (JU).  A total of 281 individuals 
were observed (n=80 OSU, n= 201 JU). Demographic information for both samples is 
presented in Table 3.1. Histograms illustrating the age ranges for the Seminole group (6-
83 years) at age of collection and the Japanese group (10-69 years) at age of death, are 
given in Figures 3.1 and 3.2. Both maxillary and mandibular dentitions were examined, 
scored, and measured when available. In cases where either the mandible or cranium 
housing the dentition were absent, all available teeth were described, scored and 
measured. For all maxillary and mandibular arcades, initial observations - including 
preservation condition, presence of dental caries, postmortem or antemortem tooth loss, 
and any other areas of interest - were recorded in Microsoft Excel spreadsheets.    
 
Table 3.1. Demographic composition for research collections. 
Ancestry Sex n 
Native American 
Females 45 
Males 35 
Japanese 
Females 74 
Males 127 
Total 
 
 
Females 119 
Males 162 
  281 
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Figure 3.1. Histogram featuring age distribution of sex-pooled Seminole 
sample. 
Figure 3.2. Histogram featuring age distribution of sex-pooled Japanese 
sample. 
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Housed in The Ohio State University’s Bioarchaeology Research Laboratory, the 
Renee M. Menegaz-Bock collection contains dental casts, photographs, and various other 
information for more than 3,000 individuals (Edgar & Nardin, 2005). Dental casts within 
the collection are frequently used by students and researchers to study cusp distances, 
dental morphology and metrics, and arch morphology (Clark, 2016; Guatelli-Steinberg 
pers. comm., 2016; Lawrence pers. comm., 2015). Within the overall collection, there are 
dental stone casts for a modern Florida Seminole Native American group (n=347) taken 
in the 1960s. The quality of preservation for the Seminole casts is variable, as some casts 
are broken or chipped. When such situations were encountered, special note was taken 
and teeth were not scored or measured when applicable. Casts that had been removed 
from the collection room by other researchers limited the number of individuals available 
for this study (n= 80). Though casts have frequently been used in odontometric and 
morphological research (Adams, 2015; Rajshekar et al., 2017), caution was exercised 
with the use of dental casts in dental metric analyses as both experimental and statistical 
errors have been known to be found when using such materials (Hunter & Priest, 1960). 
Jikei University, which is located in Tokyo, Japan (Tokyo prefecture), curates 
over 800 known, isolated skulls in addition to approximately 300 mostly complete 
skeletonized individuals (Negishi pers. comm., 2017; Tallman, 2016). The skeletal 
collection is curated through the Department of Anatomy within Jikei University’s 
School of Medicine. This collection is representative of a modern Japanese population 
from the 1960s to the 1990s through the university’s body donation program and 
dissected cadavers. For this research, 201 individuals’ dentitions were observed. 
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Methods 
Several extrinsic and intrinsic factors affected the observation of dental traits and 
measurements. Dental caries on the labial, buccal, occlusal, and interproximal surfaces 
was most commonly seen on the molars and premolars. Carious lesions partially or 
completely obscure dental morphology and can alter the original diameter of the tooth, 
which, when applicable, resulted in the exclusion of either or both the M-D and B-L 
measurements. Dental wear, the continuous loss of enamel and dentine on the occlusal 
surface throughout an individual’s lifetime, can erode or obliterate dental morphology. 
Dental wear erodes surface enamel, changing the original dimensions of the tooth. 
Measurements of worn teeth, therefore, would be inaccurate and, as with the occurrence 
of dental caries, resulted in the exclusion of either or both the M-D and B-L 
measurements. Antemortem tooth loss during the individual’s lifetime, was observed by 
alveolar resorption. Postmortem tooth loss, tooth loss that occurs after death due to poor 
preservation, storage, or handling, was denoted by fracturing, presence of bone 
fragments, and isolated teeth out of context. When these factors affected observations, 
they were noted in the descriptions of the dentitions and taken into consideration when 
scoring traits and measuring teeth. While both permanent and mixed dentitions were 
observed, only permanent teeth were scored and measured. 
 
Morphological Observations 
Observations for 32 traits, shown in Table 3.2, were recorded on all available 
permanent teeth of the sampled individuals. Traits were chosen for their heritability 
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within populations and their use in previous dental morphology studies. Dental traits 
were scored using the ASUDAS as described by Turner et al. (1991). The dental 
morphological traits and their associated ASUDAS scoring schemes are outlined in Table 
3.3. Plaques are used in this system to visualize the continuum of expression for dental 
morphologies.  
 
Table 3.2. Selected morphological traits and location in dentition. 
Morphological Trait Tooth Location 
 Dentition Universal Notation 
Winging Maxillary central incisor 8, 9 
Shovel Maxillary incisors 7, 8, 9, 10 
Double-shovel Maxillary central incisor 8, 9 
Labial convexity Maxillary incisors 7, 8, 9, 10 
Interruption groove Maxillary incisors 7, 8, 9, 10 
Tuberculum dentale 
Maxillary incisors and 
canine 
6, 8, 9, 11 
Mesial ridge Maxillary canine 6, 11 
Distal accessory ridge Maxillary canine 6, 11 
Mesial/distal accessory 
cusps 
Maxillary premolars 4, 5, 12, 13 
Tricuspid premolars Maxillary premolars 4, 5, 12, 13 
Distosagittal ridge Maxillary first premolar 5, 12 
Metacone Maxillary molars 1, 2, 3, 14, 15, 16 
Hypocone Maxillary molars 1, 2, 3, 14, 15, 16 
Cusp 5 (metaconule) Maxillary molars 1, 2, 3, 14, 15, 16 
Carabelli’s trait Maxillary molars 1, 2, 3, 14, 15, 16 
Parastyle Maxillary molars 1, 2, 3, 14, 15, 16 
Enamel extensions 
Maxillary premolars and 
molars 
1, 2, 3, 4, 5, 12, 13, 14, 
15, 16 
Peg-shaped 
Maxillary lateral incisor and 
third molar 
1, 7, 10, 16 
Shovel Mandibular incisors 23, 24, 25, 26 
Double-shovel Mandibular incisors 23, 24, 25, 26 
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Distal accessory ridge Mandibular canine 22, 27 
Odontome Mandibular premolars 20, 21, 28, 29 
Lingual cusp variation 
Mandibular premolars (left 
side only) 
20, 21 
Anterior fovea Mandibular first molar 19, 30 
Groove pattern Mandibular molars 17, 18, 19, 30, 31, 32 
Cusp number Mandibular molars 17, 18, 19, 30, 31, 32 
Deflecting wrinkle Mandibular first molar 19, 30 
Distal trigonid crest Mandibular molars 17, 18, 19, 30, 31, 32 
Protostylid Mandibular molars 17, 18, 19, 30, 31, 32 
Cusp 5 Mandibular molars 17, 18, 19, 30, 31, 32 
Cusp 6 Mandibular molars 17, 18, 19, 30, 31, 32 
Cusp 7 Mandibular molars 17, 18, 19, 30, 31, 32 
 
 
Table 3.3. Arizona State University Dental Anthropology System morphological 
traits and scoring schemes (Turner et al., 1991). 
Mandibular 
Dentition 
ASUDAS Score Range 
Maxillary 
Dentition 
ASUDAS Score Range 
Shoveling 
0) None 
Winging 
 
1) Faint 1) Bilateral 
2) Trace 2) Unilateral 
3)Semishovel 3) Straight 
4) Stronger semishovel 4) Counter-winging 
5) Shovel  
6) Marked shovel  
Double-shoveling 
0) None 
Shoveling 
0) None 
1) Faint 1) Faint 
2) Trace 2) Trace 
3) Semi double-shovel 3) Semishovel 
4) Double-shovel 4) Stronger semishovel 
5) Pronounced double-
shovel 
5) Shovel 
6) Extreme double-
shovel 
6) Marked shovel 
 7) Barrel (I2 only) 
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Distal accessory ridge 
0) Absent 
Labial 
convexity 
0) Flat 
1) Faint 1) Trace 
2) Weakly 2) Weak 
3) Moderate 3) Moderate 
4) Strong 4) Pronounced 
5) Very pronounced  
Odontome 
 
Double-
shoveling 
0) None 
 1) Faint 
0) Absent 2) Trace 
1) Present 3) Semi-double-shovel 
 4) Double-shovel 
 5) Pronounced double-shovel 
 6) Extreme double-shovel 
Premolar lingual cusp 
variation 
A) No lingual ridge 
Interruption 
groove 
 
0) One lingual cusp  
1) One or two cusps  
2) Mesial > distal cusp 0) None 
3) Mesial > distal cusp M) Mesiolingual 
4) Mesial = distal D) Distolingual 
5) Distal > mesial cusp MD) Mesio/ distolingual 
6) Distal > mesial Med.) Medial 
7) Distal much larger 
than mesial 
 
8) Three cusps  
9) Three cusps  
Anterior fovea 
 
Tuberculum 
dentale 
0) No expression 
0) Absent 1) Faint ridging 
1) Weak ridge 2) Trace ridging 
2) Weak groove 3) Strong ridging 
3) Groove is longer 4) Pronounced 
4) Groove is long 5-) Weak capsule 
 5) Weak capsule 
 6) Strong cusp 
Groove pattern Y) Cusp 2/3 in contact Mesial ridge 0) Mesial/distal ridges same size 
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+) Cusps 1-4 in contact 1) Mesiolingual > distolingual 
X) Cusps ¼ in contact 2) Mesiolingual > distolingual 
 3) Mesiolingual > distolingual 
Cusp number 
 
Distal 
accessory 
ridge 
0) Absent 
4) Cusp 1-4 1) Faint 
5) Cusp 5 2) Weakly developed 
6) Cusp 6 3) Moderately developed 
 4) Strongly developed 
 5) Very pronounced 
Deflecting wrinkle 
0) Absent 
Premolar 
mesial/distal 
accessory 
cusps 
 
1) Ridge is straight 0) No accessory cusps 
2) Ridge deflected 
distally 
1) Mesial/ distal accessory cusps 
present 
3) Ridge deflected 
distally 
 
Distal trigonid crest 
0) Absent Tricuspid 
premolars 
0) Hypocone absent 
1) Present 1) Hypocone present 
Protostylid 
0) Absent 
Distosagittal 
ridge 
 
1) Pit  
2) Groove curved 
distally 
 
3) Faint groove 0) Normal premolar 
4) Secondary groove 1) Ridge present 
5) Strong secondary 
groove 
 
6) Weak/small cusp  
7) Cusp  
Cusp 5 
0) Absent 
Metacone 
0) Absent 
1) Very small 1) Attached ridge 
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2) Small 2) Faint capsule 
3) Medium 3) Weak cusp 
4) Large 3.5) Intermediate cusp 
5) Very large 4) Metacone is large 
 5) Metacone very large 
Cusp 6 
0) Absent 
Hypocone 
0) Absent 
1) Very small 1) Faint ridging 
2) Small 2) Faint capsule 
3) Medium 3) Small cusp 
4) Large 3.5) Moderate cusp 
5) Very large 4) Large cusp 
 5) Very large cusp 
Cusp 7 
0) Absent 
Cusp 5 
(metaconule) 
0) Absent 
1) Faint cusp 1) Faint capsule 
1A) Faint, tipless cusp 2) Trace capsule 
2) Small 3) Small capsule 
3) Medium 4) Small cusp 
4) Large 5) Medium cusp 
Peg-shaped 
 
Carabelli’s 
trait 
0) Absent 
0) Normal 1) Groove present 
1) Reduced 2) Pit present 
2) Peg-shaped 3) Small Y-depression 
 4) Large Y-depression 
 5) Small cusp 
 6) Medium cusp 
  Parastyle 
0) Absent 
1) Pit present 
2) Small cusp 
3) Medium cusp 
4) Large cusp 
5) Very large cusp 
6) Peg-shaped crown 
  
Enamel 
extensions 
0) Border is straight 
1) Faint 
2) Medium 
3) Lengthy 
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Both antimeres were scored when present, following the expression count 
method, with the higher or more complex expression of the two scores representing the 
individual’s trait expression (Turner, 1985; Turner et al., 1991; Scott & Irish, 2017). A 
maximum of 64 characteristics were observed (maxillary=34; mandibular=30) per 
individual. For consistency between the skeletal dentitions and dental casts, occlusal, 
buccal, and lingual traits were observed. Root traits were excluded due to the lack of 
representation on the Seminole dental casts and teeth remaining in situ in alveolar bone in 
the Japanese skeletal sample. Dental trait observations were recorded and maintained in 
an organized spreadsheet and electronically backed-up onto an external hard-drive.  
 
Odontometrics 
Maximum crown diameter measurements were taken on all available teeth of an 
individual using a Mitutoyo digital sliding caliper that measures to the nearest 0.01 
millimeter. The universal notation system was used for this study, as illustrated in Figure 
3.3. A maximum number of 64 measurements, one mesiodistal and one buccolingual 
measurement per tooth, could be observed for each individual. The two measurements 
used for observing crown diameter, maximum mesiodistal and maximum buccolingual, 
are defined by Moorrees & Reed (1964), Hillson (1996), and Hillson et al. (2005). 
Maximum mesiodistal crown diameter (M-D) is the distance between the most medial 
and distal parallel points of the crown. Maximum buccolingual crown diameter (B-L) is 
the distance perpendicular to the mesiodistal diameter of the most lingual and buccal 
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points of the crown at parallel planes. Figures 3.4 and 3.5 illustrate the maximum 
dimensions for anterior and posterior teeth (Pilloud & Kenyhercz, 2016).   
Figure 3.3. Universal Numbering System for dental notation. Numbering 
begins with the maxillary right third molar and ends with the mandibular 
right third molar (American Dental Association, 2012). 
 57 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4. Exemplar of mesiodistal measurements for anterior and posterior 
teeth (Pilloud & Kenyhercz, 2016). 
Figure 3.5. Exemplar of mesiodistal measurements for anterior and posterior 
teeth (Pilloud & Kenyhercz, 2016). 
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Caution was exercised with the use of dental casts in dental metric analyses as 
both experimental and statistical errors have been known to be found when using such 
materials (Hunter & Priest, 1960; Rajshekar et al., 2017). To mitigate potential errors, 
sliding calipers that measure to the 0.01 millimeter were used and dentitions were 
measured three times to ensure accuracy, following metric protocols outlined in Buikstra 
& Ubelaker (1994). 
 
Statistical Analyses  
The collected data recorded in Microsoft Excel spreadsheets underwent statistical 
testing via IBM SPSS (version 24.0). Statistical significance is reported as a p-value 
≤0.05. One-way ANOVA and Pearson’s chi-square analyses were conducted on 
morphological dental traits to establish statistically significant traits between the two 
populations. Frequency tables for the statistically significant traits within the two groups 
were created.  
Independent t-test analysis of odontometric measurements were completed to 
isolate variables that are used in the linear regression analysis (LRA). Statistically 
significant crown measurements were subjected to the Holm Bonferroni correction to 
avoid the possibility of Type 1 errors. The resulting statistically-significant measurements 
were then tested using linear regression analyses with single variables being added after 
each test to assess the increase or decrease in ancestry classification rates.  
 Linear discriminant function analyses (DFA) were also conducted using SPSS.  
To explain the variation in the sample, step-wise function analyses selected the most 
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pertinent variables in each tested dataset. Mahalanobis distance was applied to measure 
how much an individual's metric measurement for all M-D and B-L variables differ from 
the average of all individuals. A large Mahalanobis distance identifies an individual as 
having extreme measurement values on one or more of the tooth measurement variables. 
The statistics of DFA were unstandardized, meaning the test displays the unstandardized 
discriminant function coefficients. Equal prior probabilities are assumed for the Native 
American and Japanese, which groups which has no effect on the coefficients. Also 
known as the jack knife, leave-one-out cross classification was used so that each 
individual in the analysis is classified by the functions derived from the whole sample 
with the exclusion of the single individual. Finally, to classify individuals, the within-
groups covariance matrix was pooled.      
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CHAPTER 4:  RESULTS 
This chapter presents the results of the nonmetric analyses conducted on the Ohio 
State University and Jikei University skeletal collection discussed in Chapter 3. Not 
every individual in the sample (n=281) had a complete dentition. Consequently, some 
nonmetric morphological observations and odontometric variables are missing for some 
individuals. A significant proportion of the sample lacked teeth due to antemortem and 
postmortem tooth loss. To augment the missing odontometric data within the sample, two 
additional datasets were generated; a general measurement mean, in which a mean for 
each variable was generated using the pooled groups, and an ancestry-specific mean, in 
which a mean for each variable was generated for each different group.  
The first section of this chapter presents the results for the statistically significant 
dental morphological traits and their frequencies within the sample groups. The second 
section of this chapter presents the classification results for the odontometric variables of 
all three datasets - raw, general measurement mean, and ancestry-specific mean. All 
analyses were conducted in IBM SPSS (version 24.0). 
 
Morphological Traits 
 One-way ANOVA results are presented in Table 4.1. Statistically significant traits 
(p ≤0.05) are bolded. Of the observed 64 morphological variables, 19 were found to be 
statistically significant when analyzing differences in score frequencies between the two 
groups using the Bonferonni correction. Breakpoints are presented in Table 4.2. These 
breakpoints, derived from Edgar (2005; 2013), were used to establish the threshold of 
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expression for each significant morphological trait. Pearson’s chi-square analyses were 
run on the statistically significant morphological variables to establish frequency tables 
across the two populations, which are given in Tables 4.3-4.21.  
 
Table 4.1. One-way ANOVA results for observed morphological dental traits. 
Trait F Sig. 
Winging 0.060 0.807 
Shoveling (central) 4.450 0.036 
Shoveling (lateral) 1.698 0.194 
Labial convexity 11.381 0.001 
Double shoveling 0.323 0.570 
Tuberculum dentale 
(incisors) 
10.285 0.002 
Tuberculum dentale 
(canines) 
3.248 0.073 
Mesial ridge 3.930 0.049 
Canine DAR 0.903 0.343 
Mesial/distal Accessory 
(P3) 
7.235 0.008 
Mesial/distal Accessory 
(P4) 
10.625 0.001 
Tricuspid (P3) 0.383 0.537 
Tricuspid (P4) 2.756 0.098 
Distosagittal ridge   
Metacone (M1) 33.977 0.000 
Metacone (M2) 14.118 0.000 
Metacone (M3) 0.094 0.760 
Hypocone (M1) 13.603 0.000 
Hypocone (M2) 12.452 0.001 
Hypocone (M3) 2.134 0.148 
Cusp 5 – metaconule (M1) 13.566 0.000 
Cusp 5 - metaconule (M2) 0.819 0.366 
Cusp 5 - metaconule (M3) 0.188 0.666 
Carabelli's cusp (M1) 6.311 0.013 
Carabelli's cusp (M2) 0.046 0.831 
 62 
Carabelli's cusp (M3) 0.246 0.621 
Parastyle (M1) 3.679 0.056 
Parastyle (M2) 4.355 0.038 
Peg-shaped (lateral 
incisors) 
0.441 0.507 
Peg-shaped (M3) 0.901 0.345 
Groove pattern (M1) 0.156 0.693 
Groove pattern (M2) 2.235 0.137 
Groove pattern (M3) 0.940 0.335 
Cusp number (M1) 5.884 0.016 
Cusp number (M2) 0.365 0.547 
Cusp number (M3) 0.809 0.371 
Deflecting wrinkle 2.801 0.096 
Distal trigonid crest (M1) 5.639 0.119 
Distal trigonid crest (M2) 0.258 0.612 
Distal trigonid crest (M3) 10.149 0.002 
Protostylid (M1) 0.024 0.877 
Protostylid (M2) 5.211 0.024 
Protostylid (M3) 0.326 0.569 
Cusp 5 (M1) 14.705 0.000 
Cusp 5 (M2) 1.977 0.162 
Cusp 5 (M3) 2.686 0.105 
Cusp 6 (M1) 4.546 0.035 
Cusp 6 (M2) 0.516 0.474 
Cusp 6 (M3) 0.180 0.673 
Cusp 7 (M1) 4.168 0.043 
Cusp 7 (M2) 0.240 0.625 
Cusp 7 (M3) 0.301 0.584 
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Table 4.2. Breakpoints for threshold of expression for morphological traits. 
Mandibular 
Dentition 
Breakpoints 
Maxillary 
Dentition 
Breakpoints 
 Absent Present  Absent Present 
Cusp 
number 
4-5 6 
Shoveling 
(central 
incisors) 
0-1 2-7 
Distal 
trigonid 
crest 
0 1 
Labial 
convexity 
0-1 2-4 
Protostylid 0 >0 
Tuberculum 
dentale 
(incisors) 
0-1 >1 
Cusp 5 0 1-5 Mesial ridge 0 1-3 
Cusp 6 0 1-5 
Premolar 
mesial/distal 
accessory 
cusps 
0 1 
Cusp 7 0 1-4 Metacone 0-4 >4 
 
Hypocone 0-4 >4 
Cusp 5 
(metaconule) 
0 1-5 
Carabelli’s 
cusp 
0 1-5 
   Parastyle 0-1 2-6 
 
  
Of the 19 statistically significant morphological traits, 8 were found to be present 
at a higher percentage in the Seminole sample than in the Japanese sample (maxillary 
shoveling, canine mesial ridge, mesial or distal accessory ridge on the second premolar, 
Carabelli’s cusp, number of cusps, distal trigonid ridge, cusp six, and cusp seven). The 
remaining 11 traits were found to be present at a higher percentage in the Japanese 
sample than in the Seminole sample (labial convexity, tuberculum dentale, mesial or 
distal accessory ridge on the first premolar, the metacone on both molars, the hypocone 
on both molars, metaconule, protostylid, and cusp five).  
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Maxillary Traits 
 The morphological trait score frequencies for the maxillary dentition for the two 
sampled groups are given in Tables 4.3-4.4; the Seminole Native American frequencies 
are presented in Table 4.3 and the Japanese frequencies are presented in Table 4.4. 
Maxillary shoveling of the central incisors was observable in 69.0% of the total 
sample. The trait was scored as present in 94.6% of the Native American population and 
84.1% of the Japanese population. Labial convexity was observable in 37.0% of the total 
sample. The trait was scored as present in 35.7% of the Seminole population and 59.2% 
of the Japanese population. The tuberculum dentale on the incisors was observable in 
76.2% of the total sample. The trait was scored as present in 17.5% of the Seminole 
population and 28.7% of the Japanese population.  
The mesial ridge on the canines was observable in 74.0% of the total sample. The 
trait was scored as present in 50.0% of the Seminole population and 33.8% of the 
Japanese population. The mesial or distal accessory cusp on the first premolar was 
observable in 77.9% of the total sample. The trait was scored as present in 1.4% of the 
Seminole population and 13.9% of the Japanese population. The mesial or distal 
accessory cusp on the second premolar was observable in 77.6% of the total sample. The 
trait was scored as present in 20.0% of the Seminole population and 5.7% of the Japanese 
population. 
The metacone on the first molar was observable in 83.6% of the total sample. The 
trait was scored as present in 2.9% of the Seminole population and 12.0% of the Japanese 
population. The metacone on the second molar was observable in 69.8% of the total 
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sample. The trait was scored as present in 0.0% of the Seminole population and 4.0% of 
the Japanese population. The hypocone on the first molar was observable in 82.6% of the 
total sample. The trait was scored as present in 24.6% of the Seminole population and 
53.3% of the Japanese population. The hypocone on the second molar was observable in 
68.7% of the total sample. The trait was scored as present in 0.0% of the Seminole 
population and 5.3% of the Japanese population. The maxillary cusp 5 (metaconule) on 
the first molar was observable in 83.6% of the total sample. The trait was scored as 
present in 4.4% of the Seminole population and 68.3% of the Japanese population. 
Carabelli’s cusp on the first molar was observable in 84.3% of the total sample. The trait 
was scored as present in 63.2% of the Seminole population and 43.8% of the Japanese 
population. The parastyle on the second molar was observable in 70.5% of the total 
sample. The trait was scored as present in 0.0% of the Seminole population and 8.5% of 
the Japanese population. 
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Table 4.3. Maxillary morphological trait score frequencies for the modern Seminole 
group. 
Trait Grade 
 n 0 1 2 3 4 5 6 7 
Shoveling I1 56 0.054 0.232 0.393 0.196 0.036 0.089 0.000   
Labial Convexity 28 0.464 0.179 0.321 0.000 0.036     
Tuberculum Dentale I1, 2  57 0.456 0.368 0.123 0.035 0.018     
Canine Mesial Ridge C 54 0.500 0.241 0.222 0.037      
Mesial/distal Acc. Ridge P1 61 0.984 0.016        
Mesial/distal Acc. Ridge P2 60 0.800 0.200        
Metacone M1 68  0.044 0.088 0.559 0.279 0.029    
Metacone M2 45  0.067 0.556 0.400 0.200 0.000    
Hypocone M1 65 0.000 0.015 0.015 0.167 0.446 0.246    
Hypocone M2 43 0.140 0.163 0.140 0.442 0.140 0.000    
Metaconule M1 68 0.956 0.000 0.015 0.015 0.000 0.015    
Carabelli's cusp M1 68 0.265 0.103 0.132 0.132 0.132 0.118 0.118 0.00 
Parastyle M2 45 1.000 0.000 0.000 0.000 0.000 0.000 0.000   
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Table 4.4. Maxillary morphological trait score frequencies for the modern Japanese 
group. 
Trait Grade 
 n 0 1 2 3 4 5 6 7 
Shoveling I1 194 0.129 0.320 0.294 0.160 0.036 0.031 0.031   
Labial Convexity 104 0.212 0.260 0.356 0.125 0.048     
Tuberculum Dentale I1, 2  214 0.248 0.495 0.164 0.065 0.023 0.005    
Canine Mesial Ridge C 208 0.620 0.202 0.139 0.038      
Mesial/distal Acc. Ridge P1 219 0.895 0.105        
Mesial/distal Acc. Ridge P2 218 0.904 0.096        
Metacone M1 235  0.013 0.055 0.345 0.494 0.094    
Metacone M2 196  0.026 0.179 0.469 0.296 0.031    
Hypocone M1 232 0.009 0.009 0.017 0.125 0.388 0.453    
Hypocone M2 193 0.062 0.109 0.161 0.301 0.326 0.041    
Metaconule M1 235 0.762 0.051 0.089 0.055 0.021 0.021    
Carabelli's cusp M1 237 0.456 0.051 0.110 0.105 0.076 0.093 0.101 0.008 
Parastyle M2 198 0.909 0.025 0.015 0.015 0.015 0.010 0.010   
 
 
Mandibular Traits 
 The morphological trait score frequencies for the maxillary dentition for the two 
sampled groups are given in Tables 4.5-4.6; the Seminole Native American frequencies 
are presented in Table 4.5 and the Japanese frequencies are presented in Table 4.6. 
The number of cusps present on the mandibular first molar were observable in 
56.9% of the total sample. The trait was scored as present (i.e., accessory cusps 6 or 7 
were present) in 53.2% of the Seminole population and 33.6% of the Japanese 
population. The distal trigonid crest on the third molar was observable in 32.7% of the 
total sample. The trait was scored as present in 11.1% of the Seminole population and 
0.0% of the Japanese population. The protostylid on the second molar was observable in 
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65.5% of the total sample. The trait was scored as present in 2.5% of the Seminole 
population and 21.5% of the Japanese population.  
Cusp five on the mandibular first molar was observable in 57.3% of the total 
sample. The trait was scored as present in 91.5% of the Seminole population and 96.5% 
of the Japanese population. Cusp six on the mandibular first molar was observable in 
57.7% of the total sample. The trait was scored as present in 50.0% of the Seminole 
population and 32.5% of the Japanese population. Cusp seven on the mandibular first 
molar was observable in 57.7% of the total sample. The trait was scored as present in 
10.6% of the Seminole population and 1.7% of the Japanese population. 
 
Table 4.5. Mandibular morphological trait score frequencies for the modern 
Seminole group. 
Trait Grade 
 n 0 1 2 3 4 5 6 7 
Cusp Number M1 47 0.000 0.000   0.085 0.383 0.426 0.106 
Distal Trigonid Crest M3 9 0.889 0.111        
Protostylid M2 40 0.975 0.000 0.000 0.000 0.025 0.000 0.000 0.000 
Cusp 5 M1 47 0.085 0.000 0.074 0.404 0.383 0.085 0.000   
Cusp 6 M1 48 0.500 0.083 0.375 0.021 0.021 0.000    
Cusp 7 M1 47 0.894 0.021 0.085 0.000         
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Table 4.6. Mandibular morphological trait score frequencies for the modern 
Japanese group. 
Trait Grade 
 n 0 1 2 3 4 5 6 7 
Cusp Number M1 160 0.013 0.019   0.050 0.531 0.356 0.038 
Distal Trigonid Crest M3 83 0.000 1.000        
Protostylid M2 184 0.826 0.022 0.082 0.011 0.027 0.016 0.011 0.005 
Cusp 5 M1 161 0.050 0.006 0.025 0.236 0.385 0.286 0.012   
Cusp 6 M1 162 0.623 0.099 0.235 0.031 0.006 0.006    
Cusp 7 M1 162 0.957 0.006 0.031 0.006         
 
 
                                                                          
Odontometrics 
Summary statistics including mean tooth dimension sizes, standard error of the 
mean, and standard deviation are presented in Tables 4.7 and 4.8. With the exception of 
one Japanese individual, multiple measurements were unobservable in all individuals. 
Both LRA and DFA were conducted with raw data (i.e., tests were run with the missing 
data for all individuals), which resulted in poor model performance due to the high 
degree of missing data. In attempts to improve the model’s ancestry classification rates, 
two different measurement means were calculated. A general mean for each M-D and   
B-L measurement, presented in Table 4.7, was derived from each available measurement 
in both the Japanese and Seminole samples. Ancestry-specific measurement means, 
presented in Table 4.8, were calculated for the Japanese and Seminole populations, 
respectively. These two different mean datasets were then used to supplement the missing 
data in the raw dataset. In using the measurement means to supplement missing data, 
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almost all individuals were included in the analysis of tooth sizes. The exception to this 
include 80 Seminole individuals who lacked both M-D and B-L measurements for tooth 
#1. The lack of any dimensions for this tooth provided no data for an ancestry-specific 
tooth mean. In total, three different datasets (raw, general tooth measurement means, and 
ancestry-specific tooth measurement means) were used for LRA and the DFA equations. 
 
Table 4.7. Summary statistics of the grouped Seminole and Japanese populations. 
(Mean statistics are used for the general tooth measurement dataset). 
Variable Grouped Populations 
  Mean 
Std. 
Deviation 
Std. Error 
of Mean 
1 M-D  8.99 0.71439 0.09907 
1 B-L  10.92 0.98116 0.13606 
2 M-D  10.28 0.73946 0.05774 
2 B-L  11.49 0.92926 0.07127 
3 M-D  10.95 0.75965 0.05468 
3 B-L  11.54 0.64077 0.04600 
4 M-D  7.15 0.52443 0.03765 
4 B-L  9.42 0.64641 0.04617 
5 M-D  7.65 0.47976 0.03556 
5 B-L  9.60 0.59846 0.04412 
6 M-D  8.21 0.60873 0.04525 
6 B-L  8.39 0.65426 0.04904 
7 M-D  7.10 0.75084 0.05793 
7 B-L  6.45 0.64383 0.04938 
8 M-D  8.61 0.55090 0.04397 
8 B-L  7.18 0.59286 0.04777 
9 M-D  8.60 0.64966 0.05252 
9 B-L  7.21 0.58975 0.04784 
10 M-D  7.05 0.74607 0.05705 
10 B-L  6.45 0.66629 0.05141 
11 M-D  8.01 0.64673 0.04834 
11 B-L  8.30 0.66030 0.05020 
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12 M-D  7.57 0.50806 0.03602 
12 B-L  9.59 0.59771 0.04185 
13 M-D  7.19 0.71841 0.05254 
13 B-L  9.47 0.72556 0.05292 
15 B-L  11.53 0.82566 0.06548 
16 M-D  9.14 1.06713 0.15403 
16 B-L  10.47 1.53376 0.26304 
17 M-D  10.57 1.02896 0.13396 
17 B-L  10.00 0.73431 0.09480 
18 M-D  11.15 1.15774 0.10115 
18 B-L  10.41 0.64506 0.05572 
19 M-D  11.53 0.70383 0.06149 
19 B-L  10.88 1.06876 0.09165 
20 M-D  7.50 0.52560 0.04043 
20 B-L  8.37 0.62377 0.04756 
21 M-D  7.38 0.49569 0.03577 
21 B-L  7.96 0.56704 0.04082 
22 M-D  7.07 0.49578 0.03645 
22 B-L  7.69 0.67870 0.05087 
23 M-D  6.19 0.60760 0.04396 
23 B-L  6.25 0.51381 0.03718 
24 M-D  5.49 0.45985 0.03466 
24 B-L  5.81 0.53116 0.03992 
25 M-D  5.51 0.44112 0.03306 
25 B-L  5.83 0.47216 0.03559 
26 M-D  6.14 0.51690 0.03874 
26 B-L  6.29 0.48291 0.03589 
27 M-D  7.02 0.53233 0.03968 
27 B-L  7.68 0.72721 0.05482 
28 M-D  7.39 0.51895 0.03688 
28 B-L  7.99 0.56262 0.03978 
29 M-D  7.45 0.51516 0.03850 
29 B-L  8.35 0.60842 0.04498 
30 M-D  11.54 1.10828 0.09268 
30 B-L  10.85 0.62367 0.05161 
31 M-D  11.26 0.81874 0.07181 
31 B-L  10.45 0.56303 0.04882 
32 M-D  10.64 1.17482 0.14801 
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32 B-L  10.04 0.87544 0.10858 
 
 
 
Table 4.8. Summary statistics of the Seminole and Japanese populations. (Mean 
statistics are used for the ancestry-specific tooth measurement dataset). 
Variable 
Ancestry 
Seminole Japanese 
Mean 
Std. 
Deviation 
Std. Error of 
Mean Mean 
Std. 
Deviation 
Std. Error of 
Mean 
1 M-D  - - - 8.990 0.361 0.025 
1 B-L  - - - 10.929 0.495 0.035 
2 M-D  10.349 0.417 0.047 10.264 0.613 0.043 
2 B-L  11.138 0.815 0.091 11.578 0.663 0.047 
3 M-D  11.072 0.610 0.068 10.910 0.634 0.045 
3 B-L  11.801 0.628 0.070 11.447 0.464 0.033 
4 M-D  7.420 0.435 0.049 7.054 0.406 0.029 
4 B-L  9.743 0.459 0.051 9.308 0.536 0.038 
5 M-D  7.861 0.408 0.046 7.586 0.358 0.025 
5 B-L  9.922 0.459 0.051 9.487 0.458 0.032 
6 M-D  8.542 0.540 0.060 8.102 0.430 0.030 
6 B-L  8.330 0.574 0.064 8.418 0.497 0.035 
7 M-D  7.334 0.615 0.069 7.000 0.549 0.039 
7 B-L  6.459 0.639 0.071 6.447 0.435 0.031 
8 M-D  8.690 0.532 0.060 8.578 0.350 0.025 
8 B-L  6.918 0.580 0.065 7.287 0.342 0.024 
9 M-D  8.665 0.589 0.066 8.569 0.426 0.030 
9 B-L  7.081 0.589 0.066 7.278 0.346 0.024 
10 M-D  7.295 0.538 0.060 6.964 0.582 0.041 
10 B-L  6.325 0.586 0.065 6.497 0.480 0.034 
11 M-D  8.380 0.522 0.058 7.888 0.473 0.033 
11 B-L  8.282 0.486 0.054 8.312 0.531 0.037 
12 M-D  7.785 0.549 0.061 7.500 0.347 0.024 
12 B-L  9.839 0.518 0.058 9.501 0.484 0.034 
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13 M-D  7.606 0.719 0.080 7.025 0.458 0.032 
13 B-L  9.738 0.678 0.076 9.364 0.532 0.037 
14 M-D  11.091 0.692 0.077 10.702 0.605 0.043 
14 B-L  11.801 0.691 0.077 11.496 0.548 0.039 
15 M-D  10.394 0.499 0.056 10.048 0.596 0.042 
15 B-L  11.335 0.407 0.045 11.589 0.682 0.048 
16 M-D  9.400 0.000 0.000 9.140 0.517 0.036 
16 B-L  11.000 0.000 0.000 10.459 0.622 0.044 
17 M-D  11.200 0.088 0.010 10.540 0.546 0.038 
17 B-L  9.570 0.096 0.011 10.021 0.391 0.028 
18 M-D  11.000 0.492 0.055 11.178 0.879 0.062 
18 B-L  10.281 0.374 0.042 10.432 0.469 0.033 
19 M-D  11.310 0.500 0.056 11.606 0.464 0.033 
19 B-L  11.239 1.235 0.138 10.788 0.375 0.026 
20 M-D  7.655 0.458 0.051 7.454 0.376 0.027 
20 B-L  8.631 0.520 0.058 8.276 0.451 0.032 
21 M-D  7.604 0.431 0.048 7.296 0.378 0.027 
21 B-L  8.134 0.569 0.064 7.899 0.412 0.029 
22 M-D  7.283 0.462 0.052 6.988 0.354 0.025 
22 B-L  7.299 0.601 0.067 7.843 0.463 0.033 
23 M-D  6.548 0.646 0.072 6.062 0.375 0.026 
23 B-L  6.332 0.588 0.066 6.221 0.335 0.024 
24 M-D  5.686 0.418 0.047 5.422 0.323 0.023 
24 B-L  5.917 0.620 0.069 5.774 0.304 0.021 
25 M-D  5.710 0.435 0.049 5.438 0.289 0.020 
25 B-L  5.981 0.538 0.060 5.780 0.271 0.019 
26 M-D  6.401 0.526 0.059 6.045 0.322 0.023 
26 B-L  6.326 0.505 0.056 6.280 0.330 0.023 
27 M-D  7.270 0.486 0.054 6.925 0.374 0.026 
27 B-L  7.300 0.661 0.074 7.824 0.488 0.034 
28 M-D  7.661 0.504 0.056 7.288 0.370 0.026 
28 B-L  8.169 0.565 0.063 7.931 0.421 0.030 
29 M-D  7.600 0.457 0.051 7.400 0.382 0.027 
29 B-L  8.611 0.601 0.067 8.258 0.413 0.029 
30 M-D  11.476 1.187 0.133 11.566 0.561 0.040 
30 B-L  11.140 0.502 0.056 10.760 0.401 0.028 
31 M-D  11.230 0.546 0.061 11.278 0.561 0.040 
31 B-L  10.471 0.372 0.042 10.449 0.393 0.028 
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32 M-D  11.330 0.170 0.019 10.599 0.638 0.045 
32 B-L  9.800 0.168 0.019 10.051 0.483 0.034 
 
 
 The differences in sample sizes between the two populations (Japanese=201; 
Seminole=80) did not influence the ancestry classification rate based on tooth size based 
on the overall fit to the regression model and by testing the individual variables withi the 
model (Green, 1991; VanVoorhis & Morgan, 2007). Summary statistics and exploratory 
analyses showed statistically insignificant differences between males and females. The 
similarity in tooth size between males and females allowed for the sexes to be pooled 
throughout the LRA and LDF analyses.    
 
Linear Regression Analysis (LRA) 
 
 Results from the independent t-tests of the 64 crown measurements are presented 
in Table 4.9. Of all the measurements taken, 37 measurements were found to be 
statistically significant (p ≤0.05). By applying the Holm Bonferroni correction to the t-
test results, 26 of the 37 statistically significant measurements were valid for use in the 
LRA. The 26 statistically significant variables were then ordered by their percentage of 
data present (i.e., variables with a higher percentage of present data were observable in 
more individuals in the sample), in the pooled sample groups, seen in Table 4.10. The 
linear regression analysis was performed by selecting variables from the variable in Table 
4.9 and 4.10. Variables were added one at a time to the linear regression analysis and 
then cross-validated. With each variable that was included in the equation, the sample 
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size of the analysis increased, which was important in reducing sample-bias in 
interpreting the results of the test. Variables were continually added to the analysis in a 
Forward Stepwise method until there was little or no improvement to the ancestry 
classification rate. For all LRA, Pearson’s chi-square test was performed to ensure 
statistical significance (p ≤0.05). All variables used in the following analyses were found 
to be consistently statistically significant.  
 
Table 4.9. Results of independent t-test for linear regression analysis of 
odontometric data. 
Variable 
Levene's Test 
for Equality of 
Variances 
t-test for 
Equality of 
Means   
F Sig. T df 
Sig. (2-
tailed) 
Mean 
Diff. 
Std. 
Error 
Diff. 
95% Confidence 
Interval of the 
Difference 
           Lower Upper 
13 M-D  1.87 0.17 5.42 185 0.00 0.58 0.108 0.37 0.799 
23 M-D  6.94 0.00 5.31 189 0.00 0.48 0.092 0.30 0.669 
22 B-L  5.83 0.01 -5.01 176 0.00 -0.53 0.108 -0.75 -0.327 
28 M-D  9.09 0.00 4.77 196 0.00 0.36 0.077 0.217 0.521 
11 M-D  1.36 0.24 4.71 177 0.00 0.49 0.105 0.287 0.699 
27 B-L  2.66 0.10 -4.71 174 0.00 -0.54 0.115 -0.772 -0.317 
5 B-L  0.02 0.87 4.65 182 0.00 0.43 0.094 0.252 0.623 
4 M-D  0.19 0.65 4.53 192 0.00 0.36 0.081 0.208 0.527 
6 M-D  7.86 0.00 4.49 179 0.00 0.44 0.098 0.247 0.635 
4 B-L  1.94 0.16 4.39 194 0.00 0.43 0.099 0.241 0.633 
26 M-D  8.32 0.00 4.38 176 0.00 0.36 0.082 0.198 0.522 
21 M-D  0.24 0.61 4.05 190 0.00 0.30 0.076 0.158 0.456 
27 M-D  1.66 0.19 3.95 178 0.00 0.33 0.084 0.166 0.496 
25 M-D  6.76 0.01 3.94 176 0.00 0.27 0.069 0.136 0.409 
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22 M-D  3.12 0.07 3.82 183 0.00 0.29 0.078 0.144 0.451 
29 B-L  12.9 0.00 3.70 181 0.00 0.35 0.096 0.166 0.544 
12 B-L  0.49 0.48 3.65 202 0.00 0.33 0.092 0.155 0.518 
12 M-D  15.3 0.00 3.62 197 0.00 0.28 0.079 0.131 0.443 
3 B-L  9.13 0.00 3.60 192 0.00 0.36 0.100 0.164 0.559 
5 M-D  2.01 0.15 3.59 180 0.00 0.27 0.077 0.125 0.430 
20 B-L  3.85 0.05 3.53 170 0.00 0.36 0.103 0.161 0.569 
30 B-L  4.58 0.03 3.47 144 0.00 0.40 0.115 0.173 0.629 
24 M-D  5.18 0.02 3.45 174 0.00 0.26 0.076 0.112 0.410 
8 B-L  15.0 0.00 -3.40 152 0.00 -0.35 0.103 -0.554 -0.147 
13 B-L  1.29 0.25 3.36 186 0.00 0.38 0.113 0.157 0.604 
14 M-D  2.44 0.11 3.30 193 0.00 0.40 0.122 0.162 0.644 
14 B-L  5.50 0.02 2.82 202 0.00 0.31 0.110 0.094 0.529 
28 B-L  9.25 0.00 2.74 198 0.00 0.23 0.087 0.067 0.409 
10 M-D  0.63 0.42 2.74 169 0.00 0.33 0.123 0.095 0.581 
7 M-D  0.32 0.56 2.68 166 0.00 0.33 0.123 0.087 0.573 
21 B-L  3.70 0.05 2.63 191 0.00 0.23 0.088 0.058 0.406 
2 B-L  5.23 0.02 -2.60 168 0.01 -0.46 0.177 -0.811 -0.112 
25 B-L  26.8 0.00 2.59 174 0.01 0.20 0.077 0.048 0.353 
29 M-D  0.46 0.49 2.40 177 0.01 0.20 0.083 0.036 0.364 
20 M-D  0.48 0.49 2.33 167 0.02 0.20 0.089 0.032 0.384 
19 B-L  10.6 0.00 2.28 134 0.02 0.49 0.215 0.065 0.916 
15 M-D  2.15 0.14 2.15 152 0.03 0.33 0.157 0.028 0.649 
19 M-D  1.16 0.28 -1.84 129 0.06 -0.26 0.142 -0.542 0.019 
9 B-L  11.2 0.00 -1.79 150 0.07 -0.18 0.103 -0.390 0.018 
24 B-L  26.3 0.00 1.71 175 0.08 0.15 0.088 -0.023 0.325 
15 B-L  1.94 0.16 -1.53 157 0.12 -0.24 0.161 -0.564 0.071 
10 B-L  5.89 0.01 -1.44 166 0.15 -0.16 0.116 -0.395 0.062 
3 M-D  0.00 0.94 1.35 191 0.17 0.16 0.123 -0.076 0.409 
23 B-L  10.7 0.00 1.35 189 0.17 0.11 0.082 -0.051 0.274 
8 M-D  4.58 0.03 1.27 155 0.20 0.11 0.092 -0.065 0.300 
32 M-D  0.74 0.39 1.20 61 0.23 0.73 0.605 -0.480 1.939 
17 M-D  1.73 0.19 1.07 57 0.28 0.65 0.609 -0.562 1.876 
17 B-L  0.71 0.40 -1.03 58 0.30 -0.45 0.435 -1.321 0.420 
18 B-L  0.11 0.73 -0.93 132 0.35 -0.14 0.160 -0.466 0.167 
9 M-D  2.08 0.15 0.90 151 0.36 0.10 0.110 -0.118 0.318 
2 M-D  0.01 0.90 0.78 162 0.43 0.12 0.156 -0.185 0.431 
6 B-L  3.26 0.07 -0.75 176 0.44 -0.08 0.115 -0.313 0.139 
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26 B-L  15.0 0.00 0.61 179 0.54 0.04 0.080 -0.109 0.207 
18 M-D  0.12 0.72 -0.60 129 0.54 -0.17 0.295 -0.761 0.405 
32 B-L  0.10 0.75 -0.49 63 0.62 -0.25 0.521 -1.296 0.785 
16 B-L     0.34 32 0.73 0.54 1.578 -2.671 3.758 
30 M-D  2.33 0.12 -0.32 141 0.74 -0.06 0.210 -0.485 0.347 
31 M-D  2.68 0.10 -0.24 128 0.80 -0.04 0.196 -0.436 0.339 
11 B-L  0.54 0.46 -0.24 171 0.80 -0.02 0.120 -0.267 0.209 
16 M-D     0.24 46 0.81 0.26 1.089 -1.932 2.454 
31 B-L  3.02 0.08 0.19 131 0.84 0.02 0.134 -0.239 0.292 
7 B-L  10.6 0.00 0.18 168 0.85 0.02 0.109 -0.196 0.236 
2 M-D      0.80 37.55
1 
0.42 0.12 0.153 -0.188 0.434 
2 B-L      -1.97 38.27
5 
0.05 -0.46 0.233 -0.934 0.011 
3 M-D      1.35 90.83
8 
0.17 0.16 0.123 -0.078 0.411 
3 B-L      3.11 73.00
0 
0.00 0.36 0.116 0.130 0.593 
4 M-D      4.30 82.66
8 
0.00 0.36 0.085 0.198 0.537 
4 B-L      4.64 103.8
11 
0.00 0.43 0.094 0.250 0.624 
5 M-D      3.35 77.62
5 
0.00 0.27 0.083 0.113 0.443 
5 B-L      4.57 85.13
3 
0.00 0.43 0.096 0.248 0.628 
6 M-D      3.90 64.77
9 
0.00 0.44 0.113 0.216 0.666 
6 B-L      -0.66 58.78
8 
0.50 -0.08 0.131 -0.349 0.175 
7 M-D      2.62 93.55
4 
0.01 0.33 0.126 0.081 0.580 
7 B-L      0.15 67.02
9 
0.87 0.02 0.128 -0.235 0.275 
8 M-D      1.16 85.31
5 
0.24 0.11 0.101 -0.083 0.318 
8 B-L      -2.71 53.31
1 
0.00 -0.35 0.129 -0.609 -0.092 
9 M-D      0.85 90.96
7 
0.39 0.10 0.117 -0.132 0.332 
9 B-L      -1.49 60.13
0 
0.13 -0.18 0.124 -0.434 0.062 
10 M-D      2.85 100.0
13 
0.00 0.33 0.118 0.103 0.573 
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10 B-L      -1.28 64.79
1 
0.20 -0.16 0.129 -0.425 0.092 
11 M-D      4.33 68.35
2 
0.00 0.49 0.114 0.266 0.720 
11 B-L      -0.23 58.45
2 
0.81 -0.02 0.125 -0.280 0.222 
12 M-D      2.89 66.19
1 
0.00 0.28 0.099 0.089 0.484 
12 B-L      3.45 84.74
0 
0.00 0.33 0.098 0.143 0.530 
13 M-D      4.53 71.46
8 
0.00 0.58 0.129 0.328 0.843 
13 B-L      3.06 83.83
1 
0.00 0.38 0.124 0.134 0.628 
14 M-D      3.05 81.34
1 
0.00 0.40 0.132 0.141 0.665 
14 B-L      2.47 75.68
4 
0.01 0.31 0.126 0.061 0.562 
15 M-D      2.04 41.74
8 
0.04 0.33 0.165 0.005 0.672 
15 B-L      -1.82 66.04
2 
0.07 -0.24 0.135 -0.516 0.024 
16 M-D            0.26       
16 B-L           0.54       
17 M-D      1.89 2.832 0.16 0.65 0.347 -0.486 1.801 
17 B-L      -1.24 2.329 0.32 -0.45 0.361 -1.811 0.910 
18 M-D      -0.65 24.16
7 
0.52 -0.17 0.273 -0.742 0.386 
18 B-L      -0.79 21.90
2 
0.43 -0.14 0.189 -0.541 0.242 
19 M-D      -1.67 45.66
1 
0.10 -0.26 0.156 -0.575 0.052 
19 B-L      1.35 31.20
0 
0.18 0.49 0.363 -0.250 1.232 
20 M-D      2.12 70.20
2 
0.03 0.20 0.098 0.013 0.404 
20 B-L      3.26 71.81
7 
0.00 0.36 0.112 0.142 0.588 
21 M-D      3.86 92.73
7 
0.00 0.30 0.079 0.149 0.465 
21 B-L      2.33 83.02
0 
0.02 0.23 0.099 0.034 0.429 
22 M-D      3.42 77.82
9 
0.00 0.29 0.087 0.124 0.471 
22 B-L      -4.37 66.90
8 
0.00 -0.53 0.123 -0.785 -0.293 
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23 M-D      4.21 65.36
6 
0.00 0.48 0.116 0.257 0.719 
23 B-L      1.07 66.79
2 
0.28 0.11 0.104 -0.096 0.318 
24 M-D      3.02 67.59
7 
0.00 0.26 0.086 0.089 0.432 
24 B-L      1.29 58.37
5 
0.19 0.15 0.116 -0.082 0.384 
25 M-D      3.42 76.04
2 
0.00 0.27 0.080 0.114 0.431 
25 B-L      2.01 60.90
5 
0.04 0.20 0.100 0.002 0.400 
26 M-D      3.56 63.52
7 
0.00 0.36 0.101 0.158 0.561 
26 B-L      0.51 67.11
0 
0.61 0.04 0.096 -0.142 0.240 
27 M-D      3.58 80.20
3 
0.00 0.33 0.092 0.147 0.515 
27 B-L      -4.09 68.32
1 
0.00 -0.54 0.133 -0.810 -0.279 
28 M-D      4.21 81.90
3 
0.00 0.36 0.088 0.195 0.543 
28 B-L      2.42 81.86
9 
0.01 0.23 0.098 0.042 0.433 
29 M-D      2.26 85.85
3 
0.02 0.20 0.089 0.024 0.376 
29 B-L      3.18 73.34
9 
0.00 0.35 0.111 0.133 0.576 
30 M-D      -0.23 42.50
3 
0.81 -0.06 0.291 -0.657 0.519 
30 B-L      2.95 47.45
8 
0.00 0.40 0.136 0.128 0.674 
31 M-D      -0.19 23.94
3 
0.84 -0.04 0.248 -0.560 0.464 
31 B-L      0.15 23.95
1 
0.87 0.02 0.169 -0.322 0.375 
32 M-D      1.57 3.792 0.19 0.73 0.463 -0.583 2.043 
32 B-L      -0.41 2.135 0.71 -0.25 0.619 -2.763 2.252 
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Table 4.10.  Percentages of available data in the pooled sample populations for 
statistically significant traits for linear regression analysis of odontometrics. 
Measurement 
Percentage of 
Sample with 
Measurement  
12 B-L  72.60% 
12 M-D  70.82% 
28 M-D  70.46% 
4 B-L  69.75% 
14 M-D  69.40% 
3 B-L  69.04% 
23 M-D  68.33% 
21 M-D  68.33% 
13 B-L  66.90% 
22 M-D  65.84% 
4 M-D  65.84% 
5 M-D  64.77% 
6 M-D  64.41% 
22 B-L  63.35% 
5 B-L  63.35% 
25 M-D  63.35% 
26 M-D  63.35% 
24 M-D  62.63% 
29 B-L  65.12% 
27 B-L  61.21% 
27 M-D  61.21% 
20 B-L  60.85% 
8 B-L  54.80% 
13 M-D  54.09% 
11 M-D  54.09% 
30 B-L  51.96% 
 
The ANOVA results and variable coefficients for the four selected variables in the 
raw dataset are given in Tables 4.11 and 4.12. The tested variables were selected based 
on the Forward Stepwise variable analysis in Table 4.9 and the variable presence 
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percentage in Table 4.10. For consistency, these four variables were used in all three 
linear regression models and equations. Across all datasets, positive values from the 
linear regression equations classify the tested individual as Japanese whereas negative 
values classify the individual as Seminole. The LRA equation is given below: 
 
Ancestry = (-0.187*18 M-D) + (-0.141*23 M-D) + (0.382*22 B-L) + (-0.227*5 B-L) + 
2.245 
 
When cross-validated, Seminole individuals had a correct classification rate of 
66.6% and Japanese individuals had a correct classification rate of 94.5%, with an overall 
86.4% ancestry classification rate as presented in Table 4.13. The same selected variables 
(#28 M-D, #23 M-D, #22 B-L, and #5 B-L) were used in the general measurement mean 
and the ancestry-specific measurement mean datasets, though the sample sizes are 
significantly increased due to the respective averages being implemented for the missing 
data in the raw data sex. 
 
Table 4.11. Percentages of available data in the pooled sample populations for 
statistically significant traits for linear regression analysis of odontometrics. 
ANOVA results for the linear regression analysis of the odontometric raw dataset. 
  
Sum of 
Squares df 
Mean 
Square F Sig. 
 Regression 10.632 4 2.658 24.504 .000a 
Residual 10.630 98 0.108     
Total 21.262 102       
a. Predictors: (Constant), #5 buccolingual measurement, #22 buccolingual 
measurement, #23 mesiodistal measurement, #28 mesiodistal measurement 
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Table 4.12. Variable coefficient results for the linear regression analysis of the 
odontometric raw dataset. 
Variable 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. B 
Std. 
Error Beta 
(Constant) 2.245 0.582   3.859 0.000 
28 M-D  -0.187 0.079 -0.217 -2.376 0.019 
23 M-D  -0.141 0.055 -0.213 -2.580 0.011 
22 B-L  0.382 0.053 0.554 7.251 0.000 
5 B-L  -0.227 0.071 -0.315 -3.220 0.002 
 
 
Table 4.13. Ancestry classification rate results for the linear regression analysis of 
the odontometric raw dataset. 
  Seminole Japanese Total 
Percent 
Correctly 
Identified 
Seminole 
20 10 30 66.7% 
Japanese 4 69 73 94.5% 
Total 24 79 103 86.4% 
 
 
The ANOVA results and variable coefficients for the general measurement mean 
dataset are given in Table 4.14 and 4.15. The LRA equation is given below: 
 
Ancestry = (-0.202*5 B-L) + (0.309*22 B-L) + (-0.151*23 M-D) + (-0.186*28 
M-D) + 2.586 
 83 
 
When cross-validated, Seminole individuals had a correct classification rate of 
42.5% and Japanese individuals had a correct classification rate of 97.0%, with an overall 
81.5% ancestry classification rate as presented in Table 4.16.   
 
Table 4.14. ANOVA results for the linear regression analysis of the odontometric 
general measurement mean dataset. 
  
Sum of 
Squares df 
Mean 
Square F Sig. 
Regression 14.665 4 3.666 23.776 .000a 
Residual 42.559 276 0.154   
Total 57.224 280    
a. Predictors: (Constant), #28 mesiodistal measurement, #22 buccolingual measurement, #23 
mesiodistal measurement, #5 buccolingual measurement 
 
 
 
Table 4.15. Variable coefficient results for the linear regression analysis of the 
odontometric general measurement mean dataset. 
Variable 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. B 
Std. 
Error Beta 
(Constant) 2.586 0.561   4.606 0.000 
5 B-L  -0.202 0.059 -0.216 -3.433 0.001 
22 B-L  0.309 0.046 0.369 6.790 0.000 
23 M-D  -0.151 0.051 -0.167 -2.943 0.004 
28 M-D  -0.186 0.062 -0.179 -2.992 0.003 
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Table 4.16.  Ancestry classification rate results for the linear regression analysis of 
the odontometric general measurement mean dataset. 
 Seminole Japanese Total 
Percent 
Correctly 
Identified 
Seminole 34 46 80 42.5% 
Japanese 6 195 201 97.0% 
Total 40 241 281 81.5% 
 
 
The ANOVA results and variable coefficients for the ancestry-specific 
measurement mean dataset are given in Table 4.17 and 4.18. The LRA equation is given 
below: 
 
Ancestry = (-0.275*5 B-L) + (0.394*22 B-L) + (-0.183*23 M-D) + (-0.180*28 M-D) + 
2.784 
 
When cross-validated, Seminole individuals had a correct classification rate of 
77.5% and Japanese individuals had a correct classification rate of 95.5%, with an overall 
90.4% ancestry classification rate as presented in Table 4.19.   
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Table 4.17. ANOVA results for the linear regression analysis of the odontometric 
ancestry-specific mean dataset. 
  
Sum of 
Squares df 
Mean 
Square F Sig. 
Regression 
27.998 4 6.999 66.099 .000a 
Residual 
29.227 276 0.106     
Total 57.224 280       
a. Predictors: (Constant), #28 mesiodistal measurement, #22 buccolingual measurement, #23 
mesiodistal measurement, #5 buccolingual measurement. 
 
Table 4.18. Variable coefficient results for the linear regression analysis of the 
odontometric ancestry-specific mean dataset. 
Variable 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. B 
Std. 
Error Beta 
(Constant) 2.784 0.463   6.012 0.000 
5 B-L -0.275 0.049 -0.302 -5.619 0.000 
22 B-L 0.394 0.036 0.490 11.075 0.000 
23 M-D -0.183 0.042 -0.208 -4.319 0.000 
28 M-D -0.180 0.053 -0.177 -3.390 0.001 
 
 
Table 4.19.  Ancestry classification rate results for the linear regression analysis of 
the odontometric ancestry-specific mean dataset. 
  Seminole Japanese Total 
Percent 
Correctly 
Identified 
Seminole 
62 18 80 77.5% 
Japanese 9 192 201 95.5% 
Total 71 210 281 90.4% 
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Overall ancestry classification rates using ancestry-specific mean values in place 
of missing variables performed better (90.4%) than the LRA models than both the raw 
(86.4%) and the general measurement mean (81.5%) datasets. Interestingly, when the 
general mean values replaced missing data for the selected variables, the LRA model 
performed the overall lowest classification rate (81.5%) across all three datasets. 
Seminoles individuals were most incorrectly identified in the general measurement mean 
dataset (42.5%), followed by the raw dataset (66.6%), and were most accurately 
identified in the ancestry-specific measurement mean dataset (77.5%). Japanese 
individuals, however, were most accurately identified in the general measurement mean 
dataset (97.0%), followed by the ancestry-specific measurement mean dataset (95.5%) 
and raw dataset (94.5%).  
  
Linear Discriminant Function Analysis (DFA) 
 Linear discriminant function analyses were conducted and equations formulated 
for the three datasets using five different variable categories all teeth, anterior teeth, 
posterior teeth, maxillary dentition, and mandibular dentition. These dentition equation 
categories were developed to increase utility based on teeth available for analysis. Prior 
probabilities for both populations in all tests were 0.500. When necessary, such as when 
significant measurement data were missing, variables were excluded in each respective 
tested category. This was especially necessary for the raw dataset, as there were 
significant amounts of missing measurement data for each variable. Statistically 
significant variables were identified in DFA through step-wise selection.  
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Raw Dataset 
The DFA equations for the raw dataset are given in Tables 4.20-24. In all but the 
anterior dentition DFA category, multiple equations were developed due to invalid results 
when all teeth available tooth measurements were included. To test if molar variability 
played a role in success rates of the DFA models, molar variables were sequentially 
removed. Three equations were therefore developed for all, posterior, maxillary, and 
mandibular dentition categories. All M3 variables were excluded from the first equation, 
followed by the exclusion of all M2 and M3 variables in the second equation, and finally 
all molar variables were excluded from the DFA analysis in the third equation.  
The three different equations for all the dentition of the raw dataset are shown in 
Table 4.20. With each equation, as more molar variables were excluded, the step-wise 
selection increased the number of measurement variables. Equation 1a utilizes four 
variables, Equation 1b utilizes six variables, and Equation 1c utilizes eight variables. 
Equation 1b, the exclusion of M2 and M3 variables, yielded the highest overall cross-
validated classification rate of the series (92.3%), though the original classification 
accuracy (61.5%) was the lowest of the series. Equation 1c, the exclusion of all molar 
variables, gave an overall cross-validated classification rate of 90.7%. Though the 
original classification rate (64.8%) was substantially lower than the cross-validated 
results, it was the highest original classification rate of the series. Equation 1a, the 
exclusion of only the M3 variables, performed the poorest with an overall cross-validated 
classification rate of 60.5%. However, the original ancestry classification rate (63.0%) 
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was only marginally lower than that of Equation 1c. Individuals in the Seminole sample 
were most frequently misidentified as Japanese in all three equations’ original 
classification results. However, in the cross-validation classification of Equations 1b and 
1c, individuals in the Japanese sample were more frequently misclassified (10.9% and 
14.3%, respectively). 
 
Table 4.20. Discriminant function analysis equations and results for the "all teeth" 
category of the raw dataset. 
Equation 1a. Any teeth in dentition excluding M3: Seminole and Japanese 
9 M-D  14 M-D  22 M-D  25 M-D  
  87.660 -77.792 10.698 21.183 
Constant -116.340; Wilk's Lambda Significance = 0.000 
Functions at Group Centroids: Seminole = -150.043; Japanese = 30.009 
Original Classification: 63.0%; Seminole = 34.6%; Japanese = 89.1% 
Cross-validated Classification: 60.5%; Seminole = 0.0%; Japanese = 89.1% 
        
Equation 1b. Any teeth in dentition excluding M2 and M3: Seminole and Japanese 
3 B-L  8 M-D  10 M-D  14 M-D  21 B-L  27 B-L  
  -45.503 26.030 8.843 20.597 9.355 25.038 
Constant -260.741; Wilk's Lambda Significance = 0.002 
Functions at Group Centroids: Seminole = -34.542; Japanese = 14.804 
Original Classification: 61.5%; Seminole = 60.0%; Japanese = 62.2% 
Cross-validated Classification:  92.3%; Seminole = 100.0%; Japanese = 88.9% 
        
Equation 1c. Any teeth in dentition excluding all molars: Seminole and Japanese 
6 M-D  9 M-D  11 B-L  25 M-D  27 B-L  28 B-L  29 M-D  29 B-L  
-20.623 18.699 3.337 68.952 38.752 -19.357 -5.891 -19.882 
Constant -335.550; Wilk's Lambda Significance = 0.001 
Functions at Group Centroids: Seminole = -55.162; Japanese = 27.581 
Original Classification: 64.8%; Seminole = 63.2%; Japanese = 65.7% 
Cross-validated Classification: 90.7%; Seminole = 100.0%; Japanese = 85.7% 
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Only one equation for the anterior dentition DFA for the raw dataset was 
developed, which is presented in Table 4.21. Nine measurement variables were used to 
develop the equation, with incisors being most commonly represented followed by 
canines. The original classification analysis (93.9%) performed better than the cross-
validation (87.8%). Seminole individuals were more frequently misidentified in the 
original classification analysis (16.7%), though Japanese were more frequently 
misidentified in the cross-validation classification analysis (13.5%).  
 
Table 4.21. Discriminant function analysis equations and results for the "anterior 
teeth" category of the raw dataset. 
Equation 2. Anterior teeth in dentition: Seminole and Japanese   
8 B-L  10 M-D  10 B-L  11 M-D  11 B-L  23 M-D  24 M-D  26 M-D  27 B-L  
-1.638 -2.096 -1.828 2.178 2.900 -2.651 2.666 6.532 -4.082 
Constant -10.684; Wilk's Lambda Significance = 0.113 
Functions at Group Centroids: Seminole= 4.788; Japanese = -1.524 
Original Classification: 93.9%; Seminole= 83.3%; Japanese = 97.3.1% 
Cross-validated Classification:  87.8%; Seminole = 91.7%; Japanese = 86.5% 
 
 
The three different equations for the posterior dentition of the raw dataset are 
shown in Table 4.22. The number of variables in each equation varied, with Equation 3a 
having two, Equation 3b having one, and Equation 3c having four. The small number of 
variables in the equations are not surprising, as the posterior dentition consists of the 
molars and premolars. However, with sequentially less molar variables available for 
analysis, is it curious that Equation 3c, which excludes all molar variables, is the analysis 
with the highest number of variables. Equation 3c has the highest overall original 
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ancestry classification rate (84.7%), followed by Equation 3a (80.3%), with Equation 3b 
performing the poorest (67.5%). Equation 3a had the highest cross-validated 
classification value (78.6%) while Equation 3b and Equation 3c had the same, lower 
classification accuracy (67.0%). In each equation, in both the original and cross-validated 
models, Seminole individuals were most frequently misidentified.  Equation 3c had the 
highest frequency (68.4%) of Seminole individuals being classified as Japanese.   
 
Table 4.22. Discriminant function analysis equations and results for the "posterior 
teeth" category of the raw dataset. 
Equation 3a. Posterior teeth in dentition excluding M3: Seminole and Japanese 
3 B-L 30 M-D 
  2.256 -0.693 
Constant -18.422; Wilk's Lambda Significance = 0.423 
Functions at Group Centroids: Seminole = 2.005; Japanese = -0.647 
Original Classification: 80.3%; Seminole = 58.1%; Japanese = 88.4% 
Cross-validated Classification: 78.6%; Seminole = 58.1%; Japanese = 86.0% 
        
Equation 3b. Posterior teeth in dentition excluding M2 and M3: Seminole and Japanese 
4 M-D 
  2.226 
Constant -15.999; Wilk's Lambda Significance = 0.841 
Functions at Group Centroids: Seminole = 0.743; Japanese = -0.248 
Original Classification: 67.5%; Seminole = 55.8%; Japanese = 71.8% 
Cross-validated Classification: 67.0%; Seminole = 53.8%; Japanese = 71.8% 
        
Equation 3c. Posterior teeth in dentition excluding all molars: Seminole and Japanese 
2 B-L 3 B-L 5 M-D 28 M-D 
  1.660 -1.726 2.954 -3.253 
Constant 2.335; Wilk's Lambda Significance = 0.183 
Functions at Group Centroids: Seminole = -6.369; Japanese = 0.637 
Original Classification: 84.7%; Seminole = 31.6%; Japanese = 97.5% 
Cross-validated Classification: 87.0%; Seminole = 84.2%; Japanese = 96.2% 
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The three different equations for the maxillary dentition of the raw dataset are 
shown in Table 4.23. The number of variables in each equation varied, with Equation 4a 
having two, Equation 4b having five, and Equation 4c having one. Equation 4b had the 
highest original ancestry classification rate (82.6%), followed by Equation 4a (76.1%) 
and Equation 4c (71.1%). Equation 4c also exhibited the lowest cross-validated 
classification success (69.5%), which was expected as there was only one molar variable 
used to build the model. Equations 4a and 4b’s cross-validation results were very similar, 
with classification rates of 83.7% and 82.6%, respectively. Throughout the entire series, 
Native Americans were misidentified as Japanese. In Equation 4a, 94.7% of the Seminole 
sample was incorrectly classified in the original model. Equation 4a also had the highest 
misidentification rate (65.8%) of Native Americans in the cross-validated classification 
model.  
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Table 4.23. Discriminant function analysis equations and results for the "maxillary 
teeth" category of the raw dataset. 
Equation 4a. Maxillary teeth in dentition excluding M3: Seminole and Japanese 
6 B-L  12 B-L  
  -1.231 1.450 
Constant -3.749; Wilk's Lambda Significance = 0.533 
Functions at Group Centroids: Seminole = 3.047; Japanese = -0.265 
Original Classification: 76.5%; Seminole = 5.3%; Japanese = 100.0%   
Cross-validated Classification:  83.7%; Seminole = 34.2%; Japanese = 100.0% 
        
Equation 4b. Maxillary teeth in dentition excluding M2 and M3: Seminole and Japanese 
6 B-L  8 B-L  9 M-D  9 B-L  12 B-L  
  0.755 1.946 1.334 -1.980 -1.959 
Constant 1.671; Wilk's Lambda Significance = 0.300 
Functions at Group Centroids: Seminole = -2.856; Japanese = 0.769 
Original Classification: 82.6%; Seminole = 40.0%; Japanese = 98.5%   
Cross-validated Classification:  82.6%; Seminole = 52.0%; Japanese = 94.0% 
        
Equation 4c. Maxillary teeth in dentition excluding all molars: Seminole and Japanese 
13 M-D 
  2.214 
Constant -16.052; Wilk's Lambda Significance = 0.727 
Functions at Group Centroids: Seminole = 1.127; Japanese = -0.317 
Original Classification: 71.1%; Seminole = 51.9%; Japanese = 78.9%   
Cross-validated Classification:  69.5%; Seminole = 46.3%; Japanese = 78.9% 
 
 
The three different equations for the mandibular dentition of the raw dataset are 
shown in Table 4.24. The number of variables in each equation were more similar than 
the other dentition categories, with Equation 5a having three and Equations 5b and 5c 
both having five. Equation 5a had the best overall original ancestry classification rate 
(84.7%), followed by Equation 5b (83.3%), and Equation 5c (78.7%). With the cross-
validated classification rates, Equation 5a performed the best (88.5%) and Equation 5c 
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had the worst results (76.6%). In all equations, more Seminole individuals were 
misidentified.  
 
Table 4.24.  Discriminant function analysis equations and results for the 
"mandibular teeth" category of the raw dataset. 
Equation 5a. Mandibular teeth in dentition excluding M3: Seminole and Japanese 
22 B-L  23 B-L  28 M-D  
  -3.885 3.896 1.989 
Constant -8.266; Wilk's Lambda Significance = 0.200 
Functions at Group Centroids: Seminole = 5.143; Japanese = -0.686 
Original Classification: 84.7%; Seminole = 73.7%; Japanese = 89.2%   
Cross-validated Classification:  80.9%; Seminole = 68.4%; Japanese = 86.0% 
        
Equation 5b. Mandibular teeth in dentition excluding M2 and M3: Seminole and 
Japanese 
22 M-D  23 M-D  24 B-L 27 B-L 28 M-D  
  1.770 -0.625 -2.991 2.315 -1.242 
Constant 0.379; Wilk's Lambda Significance = 0.191 
Functions at Group Centroids: Seminole = -3.137; Japanese = 1.255 
Original Classification: 83.3%; Seminole = 65.6%; Japanese = 92.2%   
Cross-validated Classification:  88.5%; Seminole = 81.3%; Japanese = 92.2% 
        
Equation 5c. Mandibular teeth in dentition excluding all molars: Seminole and 
Japanese 
22 M-D 25 B-L 26 B-L 27 B-L 28 M-D     
-1.177 1.821 2.286 -2.368 0.857     
Constant -5.289; Wilk's Lambda Significance = 0.331 
Functions at Group Centroids: Seminole = 1.838; Japanese = -1.050 
Original Classification: 78.7%; Seminole = 65.6%; Japanese = 85.5%   
Cross-validated Classification: 76.6%; Seminole = 65.6%; Japanese = 82.3% 
 
 
 Across the entire raw dataset dentition categories, there was only two instances 
(Table 4.35; Equations 1b and 1c) of Japanese individuals being misidentified as Native 
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American. In the other eleven DFA equations, Seminole individuals were more 
frequently misidentified as Japanese. Correct original ancestry classification rates ranged 
from 61.5% (Equation 1b) to 93.9% (Equation 2). Correct cross-validated ancestry 
classification rates ranged from 60.5% (Equation 1a) to 92.3% (Equation 1b). The 
equations derived from using any available tooth measurement variables had the most 
varied success rate of identification whereas the equations using mandibular tooth 
measurement variables were more accurate. Equation 2, derived from using anterior tooth 
measurement variable had the highest original classification rate and the fourth highest 
cross-validated classification rate.   
 
General Measurement Mean Dataset 
The DFA equations for the general measurement mean dataset are given in Tables 
4.25-4.29. All variables were available for analysis across all five categories (all teeth, 
anterior teeth, posterior teeth, maxillary dentition, and mandibular dentition) due to the 
grouped mean for each tooth measurement supplementing any missing data. The number 
of variables used in each of the five equations varied depending on the Mahalanobis 
selection, which measure how much an individual's metric measurement for all M-D and 
B-L variables differ from the average of all individuals.  
The DFA equation derived from all available tooth measurement variables is 
presented in Table 4.25. Twelve variables were used to construct Equation 1, which 
included molars (42.7%), canines (25%), incisors (16.7%), and premolars (15.6%). The 
original ancestry classification rate (89.7%) was higher than the cross-validated 
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classification rate (85.9%). Seminole individuals were more commonly misidentified as 
Japanese in both the original classification (18.5%) and the cross-validated classification 
(24.1%).    
 
Table 4.25. Discriminant function analysis equations and results for the "all teeth" 
category of the general measurement mean dataset. 
Equation 1. Any teeth in dentition: Seminole and Japanese   
2 B-L  8 B-L  11 M-D  13 M-D  15 M-D  18 M-D  18 B-L  22 M-D  
-0.422 -0.574 0.755 0.396 0.607 -0.265 -0.592 1.010 
22 B-L  25 B-L  29 B-L  30 B-L       
-1.826 1.230 0.692 0.701      
Constant -10.702; Wilk's Lambda Significance = 0.432     
Functions at Group Centroids: Seminole = 1.768; Japanese = -0.734 
Original Classification: 89.7%; Seminole = 81.5%; Japanese = 93.1% 
Cross-validated Classification:  85.9%; Seminole = 75.9%; Japanese = 90.0% 
 
 
The DFA equation derived from anterior tooth measurement variables is 
presented in Table 4.26. Six variables were used to construct Equation 2 which included 
canines (50%) and incisors (50%). The original ancestry classification rate (82.2%) was 
higher than the cross-validated classification rate (80.8%). Seminole individuals were 
more commonly misidentified as Japanese in both the original classification (31.2%) and 
the cross-validated classification (33.7%). 
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Table 4.26. Discriminant function analysis equations and results for the "anterior 
teeth" category of the general measurement mean dataset. 
Equation 2. Anterior teeth in dentition: Seminole and Japanese   
8 B-L  11 M-D  22 M-D  22 B-L  25 B-L  26 M-D  
 
  
-0.913 0.771 1.310 -1.984 1.465 0.802   
Constant -7.077; Wilk's Lambda Significance = 0.633    
Functions at Group Centroids: Seminole = 1.202; Japanese = -0.478 
Original Classification: 82.2%; Seminole = 68.8%; Japanese = 87.6% 
Cross-validated Classification:  80.8%; Seminole = 66.3%; Japanese = 86.6% 
 
The DFA equation derived from posterior tooth measurement variables is 
presented in Table 4.27. Eight variables were used to construct Equation 3 which 
included molars (62.5%) and premolars (37.5%). The original ancestry classification rate 
(73.7%) was just barely higher than the cross-validated classification rate (73.3%). 
Seminole individuals were more commonly misidentified as Japanese in both the original 
classification (40.0%) and the cross-validated classification (41.2%). 
 
Table 4.27. Discriminant function analysis equations and results for the "posterior 
teeth" category of the general measurement mean dataset. 
Equation 3. Posterior teeth in dentition: Seminole and Japanese   
2 B-L  13 M-D  15 M-D  15 B-L  18 B-L  19 B-L  20 B-L  28 M-D  
-0.575 0.688 0.996 -0.789 -0.860 0.437 1.097 0.887 
Constant -10.894; Wilk's Lambda Significance = 0.653     
Functions at Group Centroids: Seminole = 1.126; Japanese = -0.468 
Original Classification: 73.7%; Seminole = 60.0%; Japanese = 79.1% 
Cross-validated Classification:  73.3%; Seminole = 58.8%; Japanese = 79.1% 
 
The DFA equation derived from maxillary tooth measurement variables is 
presented in Table 4.28. Eight variables were used to construct Equation 4 which 
included canines (37.5%), molars (25%), premolars (25%), and incisors (12.5%). The 
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original ancestry classification rate (76.5%) was marginally higher than the cross-
validated classification rate (75.1%). Seminole individuals were more commonly 
misidentified as Japanese in both the original classification (38.7%) and the cross-
validated classification (40.0%). 
 
Table 4.28. Discriminant function analysis equations and results for the "maxillary 
teeth" category of the general measurement mean dataset. 
Equation 4. Maxillary teeth in dentition: Seminole and Japanese  
2 B-L  3 B-L  5 B-L  6 M-D  6 B-L  8 B-L  11 M-D  13 M-D  
-0.730 0.646 0.933 0.752 -0.741 -1.150 0.630 0.568 
Constant -8.838; Wilk's Lambda Significance = 0.702  
Functions at Group Centroids: Seminole = 1.029; Japanese = -0.409 
Original Classification: 76.5%; Seminole = 61.3%; Japanese = 81.1% 
Cross-validated Classification: 75.1%; Seminole = 60.0%; Japanese = 81.1% 
 
 
The DFA equation derived from mandibular tooth measurement variables is 
presented in Table 4.29. Nine variables were used to construct Equation 5 which included 
molars (37.5%), canines (37.5%), premolars (25%), and incisors (12.5%). The original 
ancestry classification rate (88.0%) was higher than the cross-validated classification rate 
(85.3%). Seminole individuals were more commonly misidentified as Japanese in both 
the original classification (22.2%) and the cross-validated classification (25.9%). 
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Table 4.29. Discriminant function analysis equations and results for the 
"mandibular teeth" category of the general measurement mean dataset. 
Equation 5. Mandibular teeth in dentition: Seminole and Japanese   
18 B-L  19 M-D  22 M-D  22 B-L  25 B-L  27 B-L  28 M-D  29 B-L  
-0.693 -0.688 1.337 -1.495 1.037 -0.569 0.732 0.759 
30 B-L          
0.907         
Constant -6.139; Wilk's Lambda Significance = 
0.496       
Functions at Group Centroids: Seminole = 1.556; Japanese = -0.646 
Original Classification: 88.0%; Seminole = 77.8%; Japanese = 90.0% 
Cross-validated Classification: 85.3%; Seminole = 74.1%; Japanese = 90.0% 
 
 
Of all five equations developed, Equation 1 had the highest original classification 
rate (89.7%) whereas Equation 5 had the highest cross-validated ancestry classification 
rate (85.3%). Equation 3 resulted in both the lowest original classification rate (73.7%) 
and the lowest cross-validated classification rate (73.3%). In all general measurement 
mean DFA equations, Native Americans were most commonly misidentified as Japanese 
individuals.  
 
Ancestry-Specific Measurement Mean Dataset 
The DFA equations for the general measurement mean dataset are given in Tables 
4.30-4.34. Nearly all variables were available for analysis across all five categories (all 
teeth, anterior teeth, posterior teeth, maxillary dentition, and mandibular dentition) due to 
the ancestry-specific mean for each tooth measurement supplementing any missing data. 
The exception to this are both the M-D and B-L measurements for tooth #1, as there was 
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no data available for the Seminole sample to produce a supplemental mean for the 
missing data. By excluding the variables for tooth #1, DFA analyses were able to run and 
the equations were developed.   
The DFA equation derived from all available tooth measurement variables is 
presented in Table 4.30. Nineteen variables were used to construct Equation 1 which 
included molars (42.1%), canines (21.1%), incisors (26.3%), and premolars (10.5%). The 
original ancestry classification rate (100.0%) was higher than the cross-validated 
classification rate (99.6%). Japanese individuals were more commonly misidentified as 
Seminole in the cross-validated classification (0.5%).    
 
Table 4.30. Discriminant function analysis equations and results for the "all teeth" 
category of the ancestry-specific measurement mean dataset. 
Equation 1. Any teeth in dentition: Seminole and Japanese   
5 B-L  7 M-D  8 B-L  9 M-D  10 B-L  11 M-D  13 M-D  16 M-D  
0.501 0.424 -0.539 -0.353 -0.466 0.481 0.406 -0.515 
16 B-L  17 M-D  17 B-L  19 M-D  22 M-D  22 B-L  23 B-L  27 B-L  
0.775 1.379 -2.521 -0.536 0.872 -0.919 0.744 -0.438 
30 B-L  32 M-D  32 B-L        
0.839 0.950 -0.897       
Constant -2.685; Wilk's Lambda Significance = 0.124   
Functions at Group Centroids: Seminole = 4.202; Japanese = -1.672 
Original Classification: 100.0%; Seminole = 100.0%; Japanese = 100.0% 
Cross-validated Classification:  99.6%; Seminole = 100.0%; Japanese = 99.5% 
 
 
The DFA equation derived from anterior tooth measurement variables is 
presented in Table 4.31. Nine variables were used to construct Equation 2 which included 
canines (55.6%), incisors (44.4%). The original ancestry classification rate (94.3%) was 
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higher than the cross-validated classification rate (94.0%). Seminole individuals were 
more commonly misidentified as Japanese in both the original classification (7.5%) and 
the cross-validated classification (8.7%). 
 
Table 4.31. Discriminant function analysis equations and results for the "anterior 
teeth" category of the ancestry-specific measurement mean dataset. 
Equation 2. Anterior teeth in dentition: Seminole and Japanese  
6 M-D  8 B-L  11 M-D  22 M-D  22 B-L  23 B-L  25 B-L  26 M-D  
0.465 -0.816 0.728 1.266 -1.719 0.459 1.275 0.681 
27 B-L                
-0.712         
Constant -8.585; Wilk's Lambda Significance = 0.337      
Functions at Group Centroids: Seminole  = 2.213; Japanese = -0.881 
Original Classification: 94.3%; Seminole = 92.5%; Japanese = 95.0% 
Cross-validated Classification:  94.0%; Seminole  = 91.3%; Japanese = 95.0% 
 
 
The DFA equation derived from posterior tooth measurement variables is 
presented in Table 4.32. Seventeen variables were used to construct Equation 3 which 
included molars (64.7%) and premolars (35.3%). The original ancestry classification rate 
(98.6%) was just barely higher than the cross-validated classification rate (97.9%). 
Japanese individuals were more commonly misidentified as Seminole in the original 
classification analysis (2.0%) and the cross-validated classification (3.0%).    
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Table 4.32. Discriminant function analysis equations and results for the "posterior 
teeth" category of the ancestry-specific measurement mean dataset. 
Equation 3. Posterior teeth in dentition: Seminole and Japanese   
2 B-L  5 M-D  5 B-L  13 M-D  15 M-D  15 B-L  16 M-D  16 B-L  
-0.299 -0.801 0.948 0.387 0.857 -0.714 -0.641 0.800 
17 M-D  17 B-L  19 M-D  20 M-D  21 M-D  29 M-D  30 B-L  31 M-D  
1.853 -2.993 -0.652 -0.597 0.643 0.752 1.091 -0.489 
32 M-D          
0.602         
Constant -6.857; Wilk's Lambda Significance = 0.155       
Functions at Group Centroids: Seminole = 3.694; Japanese = -1.470 
Original Classification: 98.6%; Seminole = 100.0%; Japanese = 98.0% 
Cross-validated Classification: 97.9%; Seminole  = 100.0%; Japanese = 97.0% 
 
The DFA equation derived from maxillary tooth measurement variables is 
presented in Table 4.33. Fifteen variables were used to construct Equation 4 which 
included molars (40.0%), premolars (26.7%), canines (20.0%), and incisors (13.3%). The 
original ancestry classification rate (93.2%) was marginally higher than the cross-
validated classification rate (91.8%). Japanese individuals were more commonly 
misidentified as Seminole in the original classification (8.0%). Seminole individuals were 
more commonly misidentified as Japanese in the cross-validated classification (8.7%). 
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Table 4.33. Discriminant function analysis equations and results for the "maxillary 
teeth" category of the ancestry-specific measurement mean dataset. 
Equation 4. Maxillary teeth in dentition: Seminole and Japanese  
2 B-L  3 B-L  5 M-D  5 B-L  6 M-D  6 B-L  8 B-L  9 B-L  
-0.757 0.670 -0.669 1.041 0.516 -0.614 -0.933 -0.561 
11 M-D  17 B-L  13 M-D  13 B-L  15 M-D  15 B-L  16 B-L    
0.827 -2.993 0.299 0.526 0.636 -0.664 0.739   
Constant -12.700; Wilk's Lambda Significance = 0.331     
Functions at Group Centroids: Seminole = 2.246; Japanese = -0.894 
Original Classification: 93.2%; Seminole = 95.0%; Japanese = 92.0% 
Cross-validated Classification: 91.8%; Seminole = 91.3%; Japanese = 92.0% 
 
 
The DFA equation derived from mandibular tooth measurement variables is 
presented in Table 4.34. Sixteen variables were used to construct Equation 5 which 
included molars (43.7%), canines (25.0%), premolars (25.0%), and incisors (6.3%). The 
original ancestry classification rate (100.0%) was slightly higher than the cross-validated 
classification rate (99.6%). Japanese individuals were more commonly misidentified as 
Seminole in the original classification (8.0%). Seminole individuals were more 
commonly misidentified as Japanese in the cross-validated classification (1.2%). 
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Table 4.34. Discriminant function analysis equations and results for the 
"mandibular teeth" category of the ancestry-specific measurement mean dataset. 
Equation 5. Mandibular teeth in dentition: Seminole  and Japanese   
17 M-D  17 B-L  18 B-L  19 M-D  20 M-D  20 B-L  22 M-D  22 B-L  
1.328 -2.321 -0.474 -0.663 -0.664 0.532 1.093 -0.926 
23 B-L  27 M-D  27 B-L  28 M-D  29 M-D  30 B-L  32 M-D  32 B-L  
0.645 0.615 -0.560 0.550 0.481 0.990 1.096 -1.046 
Constant -2.670; Wilk's Lambda Significance = 0.144       
Functions at Group Centroids: Seminole  = 3.854; Japanese = -1.534 
Original Classification: 100.0%; Seminole  = 100.0%; Japanese = 92.0% 
Cross-validated Classification: 99.6%; Seminole  = 98.8%; Japanese = 100.0% 
 
Of all five equations developed, Equations 1 and 5 both had the highest original 
classification rate (100.0%) and the highest cross-validated ancestry classification rate 
(99.6%). Equation 4 resulted in both the lowest original classification rate (93.2%) and 
the lowest cross-validated classification rate (91.8%). Misidentification of ancestry was 
varied between both groups, though the rate of misidentification was markedly low. Of 
all the datasets, the ancestry-specific mean set performed the highest, with all equations’ 
ancestry classification rates above 90.0%.  
 
  
 104 
CHAPTER 5:  DISCUSSION 
This chapter discusses the results presented in Chapter 4 for the nonmetric and 
metric dental trait variation observed in the Seminole and Japanese groups. This chapter 
will discuss the overall trends seen in differences between the two sampled groups, the 
implication for these trends in differentiation between Native American and Asian 
individuals, and the agreement of the results from this study with previous research. 
A maximum of 62 nonmetric morphological dental traits found to be statistically 
significant between the two populations and up to 64 odontometric variables were 
measured on 281 individuals from two documented modern dental cast and skeletal 
remains from Seminole Native Americans and Japanese collections. Linear regression 
and discriminant function statistical analyses highlighted broad findings concerning 
Seminole and Japanese morphologic and odontometric expression variability, and the 
application of said traits to ancestry assessment: 1) Population-specific datasets perform 
better in classifying Seminole and Japanese individuals than datasets with more missing 
variables and generalized means; 2) The Seminole and Japanese differ in the expression 
of morphologic and odontometric observations due to distinct population histories. 
Therefore, Native Americans should not be used as biological proxies for Asian 
populations and vice versa. 
Discrete population differences in morphological characteristics and dental 
dimension sizes were shown between the Native American and Japanese populations. 
Only 31.6% of the observed morphological traits in this study displayed statistically 
significant differences in scoring between the two populations. Though more analysis of 
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these significant morphological traits is required beyond the current research, the trait 
scoring frequencies provide a narrowed focus for future evaluation. On average, half of 
the measurement dimensions of the Native American population were larger than the 
Japanese population, and half of the measurement dimensions of the Japanese population 
were larger than the Native American population, thought there was no correlation 
between tooth type and size. The overall similarity in tooth size and morphological trait 
expression initially corroborate the general grouping of Native American and Eastern 
Asian populations (Turner, 1983; 1990), though the more critical analysis of tooth size 
through discriminant function analysis highlight the opportunity for more refined 
identification between the two groups. The presented results demonstrate that dentition, 
specifically dental dimensions, can be used reliably to ascertain both a broad geographic 
ancestry and a more narrowed ancestry estimation between Native American and 
Japanese individuals. 
The exploratory and descriptive statistics of the present research reflected no 
statistically significant differences between the males and females in the sample for both 
dental morphologies and measurements. Previous work by Adams (2015), which 
demonstrated males displaying consistently larger dentition dimensions than females in 
the observed Hispanic sample, and Pilloud et al. (2014), as mentioned earlier, provided 
two DFA equations that were sex-specific, one for differentiating Africans/Asians from 
Europeans and the other for differentiating Africans from Asians. While this was 
necessary with their sample populations, the overlap in dental variation between males 
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and females in the Seminole and Japanese groups provide basis for grouped-sex 
equations.  
Based on the results of this study, tooth size especially exhibited particular 
patterns regarding ancestry. Statistically significant dental morphological traits were 
identified for future analysis based on expression frequencies. The results clearly 
demonstrate that identification of specific populations is possible when analyzing Native 
American and Asian groups rather than lumping these groups together under one vague 
ancestry label. The success rates of Native American and Asian ancestry identification 
are enhanced by the development of ancestry-specific methods.  
 
Morphological Traits 
Much work has been done with the use of morphological traits in determining 
population affinities in archaeology and forensic ancestry determinations (Edgar, 2013; 
Turner, 1990). The nineteen traits used in this study that were found to be statistically 
different between the two groups overall did not differ significantly in terms of absence 
and presence. The variation between the two groups was therefore significant at the 
scoring level rather than the presence and absence level of analysis. If ancestry 
estimations were made using solely the presence or absence of the traits used in this 
study, the results could be used to validate the grouping of Native American and Asiatic 
populations under one ancestry affiliation.  
The majority of traits used in the study (68.3%) were found to the statistically 
insignificant when analyzed between the two populations. Of the traits that were found to 
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be significant, 68.4% were traits found on molars. The high number of molar traits used 
to differentiate between the Seminole and Japanese groups challenge the use of single 
traits, such as shoveling (Hrdlička, 1920; Rhine 1990), to assign a broad “Asian” ancestry 
classification to an individual. Including more sub-populations of both Native American 
and Asian groups will further expand the traits that can be used in ancestry 
classifications. 
The scope of the present research was too wide to allow for further analysis of the 
observed morphological traits beyond the establishment of statistically significant 
variables and trait frequencies. Future research will take these established traits of interest 
and apply logistic discriminant function analyses similar to those presented with the 
odontometric data and in previous research (Edgar, 2013). The observations and work 
conducted with the Native American and Japanese collections will be utilized in future 
research of refined ancestry estimations of Native Americans and Asiatic groups based on 
morphological traits.  
 
Odontometrics 
Linear regression analysis and discriminant function analyses conducted to 
determine the degree of separation between the two groups reveal the clustering of Native 
American and Japanese populations around their respective centroids and correct 
classification at a higher rate than chance. The classification rates were further enhanced 
through the use of two different mean measurement datasets - a general measurement 
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means and an ancestry-specific means – to supplement the missing variables of 
individuals.   
ANOVA results for the linear regression analyses presented important differences 
between populations, with variable significance between measurements at the p < 0.05 
level (see Table 4.9). The four variables, which included premolars, an incisor, and a 
canine, used in the LRA were chosen based on the percentage of variables available in 
the raw dataset, postmortem preservation, and statistical significance. The initial linear 
regression analysis gave ancestry classification success well beyond the probability of 
chance (86.4%). While this model presented great success, more than half of the 
individuals from the sample were excluded due to their lacking the necessary 
measurement variables. To operate around the constriction of missing data, two different 
mean sets were employed to increase the sample size of the statistical model and increase 
the classification accuracy. The generalized mean measurements were implemented into 
the missing variables. When LRA was run with the same variables from the initial test 
but with the increased sample size due to generalized supplemented data, the 
classification of ancestry decreased (81.5%). This is not overly surprising, as broad, 
general means were applied regardless of ancestry. Subsequently, when ancestry-specific 
measurements were implemented into the missing variables, the classification of ancestry 
increased (90.4%).  
Discriminant function analyses were also conducted based on the utilization in 
past research (Edgar, 2013; Pilloud et al., 2014). Three sets of five equations, five 
equations per dataset, were developed to allow for greater utility dependent on tooth 
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preservation and survivability. The categories of equations include any and/or all 
available tooth measurement variables, only anterior tooth variables, only posterior tooth 
variables, only maxillary tooth variables, and only mandibular tooth variables. The 
construction of numerous equations was meant to provide more options for researchers 
and investigators when assessing ancestry of an unknown individual. All equations have 
the potential to utilized in ancestry estimations, as they can be applied to various types 
dental preservation contexts in individuals.    
Similar to the LRA that were conducted, when the DFA equations were 
developed using only the raw dataset, the successful classification rates, while still higher 
than chance, were variable and on the lower end of the percentages when compared to the 
results from the other two datasets (61.5% - 93.9%). This is most certainly due to the 
limitation of variables available for use in the equations due to missing data. Multiple 
equations were developed in all equation categories except the anterior tooth variable 
equation. This was done to not only increase the sample size used in building the model, 
but also to increase the classification rates by excluding the most variable teeth in the 
dentition (molars). In the first of these types of equations, the third molar variables were 
excluded due to its high degree of variation (Hillson, 1996; Pilloud et al., 2014), and the 
degree of missing data for those teeth. The following two equations sequentially removed 
the second molar variables and the third molar variables, again to increase sample size 
and classification correctness. The exclusion of molars variables from the model 
incorporated more variables from other tooth types in the DFA equations; this may be 
due to molars being overall more informative in distinguishing between the samples. 
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However, the exclusion of the molar variables, while boosting the sample size in each 
analysis, did not produce a pattern of increased classification rates. Recognizing this lack 
of increased success in ancestry classification, it should be noted that the development of 
equations that exclude molars, which are particularly subject to antemortem tooth loss 
(Hillson, 1996), provide more utility in a practical sense. Anterior teeth perform better at 
differentiating the two groups in the study compared to molars, which is likely due to 
posterior teeth displaying high variability in size caused by evolutionary trends (Hillson, 
1996).   
Two other datasets were subjected to DFA, similar to the LRA statistical testing. 
The general measurement mean dataset, which took the mean of each measurement 
variable of both groups and used these means to fill in missing data, had markedly higher 
classificatory success rates over the DFA equations derived from the raw dataset. While 
three different equations were needed for almost each category of variables in the raw 
dataset due to small sample sizes, the missing data was eradicated and instead variable 
means were implemented. With the general measurement mean dataset, all individuals 
and therefor all variables were available for DFA. Single equations for each variable 
category (any and/or all available tooth dimensions, only anterior tooth dimensions, only 
posterior tooth dimensions, only maxillary tooth dimensions, and only mandibular tooth 
dimensions) were made. The resulting five equations produced a variety of variables used 
for analysis. The lowest classification accuracy rate (73.7%) was over 10% higher than 
the lowest raw dataset classification rate and the highest accuracy rate (89.7%) was 
comparable to the higher range of rates in the raw dataset. The use of the general 
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measurement mean dataset has the benefit of allowing all measurements to be used in 
DFA. In cases where the ancestry of a suspected Native American or Asian individual is 
being estimated, the reported means in Table 4.7 can be used to further identify them.  
The final dataset used in the DFA for the present study, the ancestry-specific 
measurement means dataset, which took the mean of each measurement variable of both 
respective population and used these means to fill in missing data, had markedly higher 
classificatory success rates over the DFA equations derived from the raw dataset and the 
general measurement mean dataset. Two variables needed to be removed from all 
analyses (#1 M-D, #1 B-L) because there was not an ancestry-specific mean for the 
Native American group due to the lack of initial observation being made on that tooth in 
any individual. Similar to the general measurement mean dataset, all individuals and 
therefore almost all variables were available for DFA. Single equations for each variable 
category (any and/or all available tooth dimensions, only anterior tooth dimensions, only 
posterior tooth dimensions, only maxillary tooth dimensions, and only mandibular tooth 
dimensions) were made. The resulting five equations had a variety of variables used for 
analysis. The lowest classification accuracy rate (93.2%) was over 30% higher than the 
lowest raw dataset classification rate and the highest accuracy rate (100.0%) was 
surpassed the higher range of rates in both the raw and general measurement mean 
datasets. The use of the ancestry-specific mean dataset has the benefit of allowing almost 
all measurements to be used in DFA. These high classification rates, while extremely 
exciting, do require ancestry-specific means for missing variables. These equations, 
rather than being an exploratory tool into differentiating Native American and Asian 
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groups, are rather a confirmation of the specific ancestry. To make these DFA more 
applicable in biological profile ancestry analyses, more sub-populations DFA of Native 
American and Asian groups should be conducted and reported.   
Examining the degree of misclassifications between Seminole and Japanese 
individuals reveals a particular trend expected when studying genetically related 
populations. In only two instances, more Japanese individuals were misidentified as 
Seminole (Table 4.32: Equation 3; Table 4.33: Equation 4). In all other cases, Seminole 
were more commonly misidentified as Japanese. In the context of the Japanese 
population acting as the genetic “parent” population, with Native American populations 
stemming from the Asiatic population migration into the New World, the higher rates of 
classifying Seminole as Japanese rather than the opposite is understandable. 
The homogenous nature of the Japanese population compared to other Asiatic 
groups, who have a history of admixture and genetic influxes from other populations 
(Tallman, 2016), may be a prominent factor in the high classification rates shown in this 
study. Further, while the Seminole have undergone significant unifications and 
separations with other Native American groups over thousands of years and incorporated 
runaway slaves into their population, the isolation of the group in the Florida everglades 
contribute to the expression of unique dental phenotypes which may influence 
differentiation from other Native American groups. The relatively uniform composition 
of the modern Japanese population and the isolated history of the Florida Seminole may 
have factored into the high classification rates seen in the LRA and DFA models. 
Analyzing more Native American and Asian sub-populations using the methods of this 
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study would test if the successful ancestry estimation results are due to the specific 
population histories of the Seminole and Japanese groups observed or if they are due to 
broad differences between Native Americans and Asian populations.      
The classification rates obtained using the raw dataset’s maxillary variables are 
comparable to those found by Pilloud et al. (2014), who found successful allocation in 
76.6% of the sex-pooled cases. The primary difference between these studies that Pilloud 
et al. (2014) utilized relatively complete dentitions (minus the third molars) and classified 
between broad geographic ancestry groups rather than within a lumped far-related group. 
Tallman (2016) found cranial trait frequency differences between the Native Americans 
and the Japanese and Thai populations. Similarly, Tallman & Winburn (2015) and 
Tallman (2015) concluded that the femoral subtrochanteric index used to separate Native 
Americans and Asians from non-Asian groups erroneously misidentified a number of 
Asian (Japanese and Thai) individuals. Though these studies analyzed skeletal rather than 
dental trait and metric frequencies, the differences observed between the Native 
American and Asian populations further support not only the possibility of estimating 
specific ancestries in the broad Asian category, but also the need to reassess the current 
method of grouping Native Americans and Asian groups together.   
The results presented here should be applied to more Native American and Asian 
groups to further identify variation among and between the respective sub-populations. 
With increased sample sizes, more data from variable Asiatic and Native American 
populations, and varying skeletal data (i.e., teeth, bones, genetic), more definitive 
conclusions of the similarities and differences between and among populations can be 
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described. The ultimate goal of the present research was to highlight the possibility of 
differentiating between Seminole and Japanese groups due to their dental variation rather 
than presupposing their relatedness and lumping the populations together. The increased 
success of ancestry classification hints at the prospective utilization of ancestry-specific 
LRA and DFA to better differentiate between Native Americans and Asian populations. 
The use of ancestry-specific methods has been used to success in recent years (Adams, 
2015; Tallman, 2016) both with odontometrics and the postcranial skeleton. Results 
presented in this analysis present a strong argument for the inclusion of ancestry-specific 
odontometric DFA in biological profile analyses. When examining stepwise analyses and 
the strong classification rates produced by the examination of just two variables (Table 
4.22, Equation 3a), this provides motivation to promote odontometric analyses in forensic 
investigations and archaeological analyses. 
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CHAPTER 6:  CONCLUSIONS 
Morphological and odontometric analyses were conducted in the current research 
to challenge the current practice of grouping Native American and Asiatic populations 
under a singular ancestry despite their marked differences in population and evolutionary 
histories. These results are positive reinforcement for the continued and increased 
development and implementation of ancestry-specific methods (Edgar, 2013; Pilloud et 
al., 2014; Tallman, 2016), particularly with Asiatic populations. The present research 
discloses morphological and metric differences in the dentition of Seminole and Japanese 
individuals that may be utilized in medicolegal and archaeological contexts. 
The hypotheses predicted that there were statistically significant differences in 
both the morphological traits and dental dimensions of Native American and Asian 
groups were largely supported by the present research. Significant differences were found 
between the two populations specifically in tooth measurement variables. Odontometric 
data show similar trends as skeletal, morphologic, and genetic studies concerning the 
possibility of differentiation of Native American and Asian groups (Adams, 2015; 
Tallman, 2016). Ancestry-specific differences were identified, means of variables were 
compiled, and missing data were supplemented further refine equations for increased 
correct group classification. 
ANOVAs and Mahalanobis results presented significant differences between both 
groups, with a large number of measured variables and a much smaller number of 
morphological variables found to be statistically significant. The researcher, however, 
should take note of the availability of the tooth measurement being taken; meaning, if 
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pathological conditions, such as antemortem tooth loss or dental caries influence the 
observation of the measurement, caution should be used if including the tooth in analysis. 
Likewise, dental wear, cast deformation, and postmortem breakage can influence the 
observation of both metric and morphological traits.  
The present research promises to be a valuable methodological analysis in the 
estimation of ancestry in the biological profile due to the high rates of classification 
presented in the DFA equations. The amount of measurements variables used in these 23 
equations and included all tooth types. Success rates ranged from 60.5% (Table 4.20; 
Equation 1a) to 99.6% (Table 4.30).  Subsequent research on complete dentitions would 
be valuable in analysis of odontometric efficacy in ancestry estimation, especially to 
compare how the ancestry-specific dataset performs when compared to a raw dataset with 
no missing variables.  
 
Future Research 
Next steps in the analysis of variation between Native Americans and Asian 
populations should include the incorporation of many more sub-populations. For 
example, Thai and Indonesian groups should be investigated as well as any available 
Native American groups. By analyzing more groups, further ancestry-specific 
odontometric discriminant function analyses and morphological regression equations can 
be developed. As the present research demonstrates, there is a high classification success 
rate when employing ancestry-specific data. It is also crucial to further examine sex 
differences between males and females. While in this study there were no variables, 
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metric or morphological, that were impacted by sex differences, this may not be true for 
other Native American and Asian groups.  
Improvements to research design, logistics of data collection, and structure of data 
organization would also be important for continued study. Increased sample sizes would 
increase the overall amount of data collected, given that there is enough time to evaluate 
all available individuals. Increasing the number of measurement variables, particularly 
along the cementoenamel junction may further aid in ancestry estimation (Adams, 2015). 
Challenges with adding more odontometric variables include difficulty of observation, 
especially in dental casts. While the dental casts used in the present study were largely 
successful in morphological observations, most of the missing odontometric variables 
stemmed from the inability to measure certain teeth of the casts. This was largely due to 
cast breakage, warpage, or the teeth being incompletely visible or obstructed by plaster. 
The casts also have barriers of soft tissue (i.e., gums) that make measurements beyond or 
up to the cementoenamel junction problematic. It may sound as though the use of casts in 
general should be excluded from odontometric studies; however, casts may be the only 
remnants of a group remaining. As such, any available odontometric remains or materials 
should be used in the future, regardless of their completeness of utility. 
The results of this study present different patterns related to ancestry between 
tooth size and morphology. The development of the tooth crowns and the slow evolution 
of dental traits may affect the phenotypic expression of population-specific genetic 
changes, compared to the changes in skeletal structures, which occur more rapidly 
(Hillson, 1996). Comparisons between dental and skeletal studies of parent and sub-
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population patterns would be valuable in understanding the archaeological and 
medicolegal applications. Investigations of the degree of evolutionary change that teeth 
undergo in comparison to bone may influence the interpretation of population variation 
studies. 
Implementing further dental crown measurements and morphological traits into 
statistical programs such as rASUDAS (Scott et al., 2018) and FORDISC 3.1 (Jantz & 
Ousley, 2005) would better compensate for missing data. Programs like FORDISC 3.1 
will perform estimations of ancestry and sex based on the available measurements, 
regardless of missing variables, tooth wear, or pathological damage, which would limit 
the utility of discriminant function analyses (Pilloud et al., 2014). While the present study 
presents multiple equations to mitigate this, each individual has different preservation 
rates of teeth, and as such missing variables would always be a factor. 
Including odontometrics into ancestry construction of the biological profile 
requires more research data on Native American and Asian sub-populations. The results 
from the ancestry-specific dataset DFA equations, however, the cross-validated 
classification rate (99.6%) obtained with the inclusion of all measured dimensions 
between Native Americans (100.0%) and Japanese (99.5%) presents absolute potential 
for use. Because teeth are well-preserved over time and develop in an area of the skeleton 
with low plasticity, further research should focus on the increased utilization of 
odontometrics in ancestry and migration analyses. 
Previous studies have demonstrated the high degree of genetic and phenotypic 
similarities of Native American and Asiatic populations based on their relatedness before 
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the migration of populations into North America (Hanihara, 1990b; Hanihara & Ishida, 
2005; Turner, 1990). The human variation that has arose in both groups over the 
thousands of years of geographic and evolutionary distance now needs to be taken into 
account through morphological and odontometric methods. The results of the present 
study suggest that differentiation is possible between Native Americans and Asian groups 
in general and smaller sub-populations of these groups specifically rather than the 
conventional method of grouping the two together.  
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